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FOREWORD

This research was conducted for the Office of the Assistant Chief of Engineers
(OACE), under Project Facility Technology Applications Tests (FTAT); Work Unit,
"Multipurpose Training Ranges." The work was performed by the Environmental Division
(EN), U. 8. Army Construction Engineering Research Laboratory (USA-CERL). Mr. Don
Bandel (DACN-7ZCF-B) was the OACE Technical Monitor.

The assistance of 8. Apfelbaum, K. A. Heiman, C. Sams, and N. Thomas (Applied
Ecological Services) and T. J. Ward (New Mexico State University) in conducting the field
tests, sediment yields study, and management option analysis is acknowledged.

Dr. R. K. Jain is Chief of USA-CERL-EN. COL Norman C. Hintz is Commander
and Director of USA-CERL, and Dr. L. K. Shaffer is Technical Director.
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DEVELOPMENT OF ENVIRONMENTAL GUIDELINES
FOR MULTIPUPPOSE RANGE COMPLEXES,
VOLUME ll: DESCRIPTION OF FIELD TESTS,
SEDIMENTS YIELDS, AND OPTION ANALYSIS

1 ECOLOGICAL CONDITION OF THE LAND AND WILDLIFE
IN AND ADJACENT TO THE MULTIPURPOSE RANGE
COMPLEX, FORT RILEY, KANSAS*

Introduction

Federal environmental mandates require that impacts associated with changes in
military training activities be assessed. This study was designed to determine the
ecological impacts of construction, use, maintenance, and operatlion of the proposed
Multipurpose Range Complex (MPRC) at Fort Riley, KS. This is a newly designed facility
for conducting training activities on Abrams and Bradley tracked vehicles. The facility
will encompass 4500 by 1000 m with addmonal acreage for a control facility, vehicle
nolding, several shelters, and a safety fan.!

The goals of this study were to: \(L)”'establish a program of scientific investigation
using standardized techniques of data acquisition and analysis and-(2) evaluate the
baseline ecological condition of the proposed MPRC system grounds and establish a
program capable of monitoring long-term ecological dynamics and impacts of military
activities.

The Study Region and Study Areas

Fort Riley is located in northeastern Kansas (Figure 1) in Riley and Geary
Counties. The main post is just north of the confluence of the Republican and Smoky Hill
Rivers.” The Fort contains more than 100,000 acres {40 914 hectares) and occupies
historic range and erop acreage, including rative prairie and riparian forest systems.
Some land is currently used for agriculture and for plantings to enhance wildlife
habitat. Most of the facility is managed for several wildlife species, with emphasis on
game animals.’ Major crops grown in and around the facility include wheat, grain
sorghum (mito), corn, alfalfa, and soybeans. The MPRC and the study areas are located
in the northwestern sector of Fort Riley.

“prepared by Karin A, Heiman, Chuck Sams, and Neil Thomas, Applied Ecological
“Services, Juda, Wl.

“Fort Riley Multi-Purpose Range Complex Erosion Control Manual (U. S. Army Engi-
neer Waterways Experimenrt Station, 1982).

‘Draft Environmental Assessment: Multipurpose Training Range Complex (MCA Project
Number T519 (Fort Riley, KS, 6 August 1982).

‘Five Year Wildlife Management Plan, Fort Riley Military Reservation, KS (Fort Riley,
March 1982).
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Figure 1. General location of Fort Riley, KS.

Topography and Climate

~ At Fort Riley, the Flint Hills are dissected by numerous streams cutting down to
the bottoms of the Smoky Hill and Kansas Rivers. Rock outcrops border some steeper
hillsides and some river floodplains. North and west of the Flint Hills region is an area of
undulating upland prairie with deeper soils and fewer outcrops. About 35 percent of the
post is upland prairie, 55 percent broken hilly country, and 10 percent riparian and river
valley. Elevations range from 1025 ft (312 m) in the bottomlands of the Kansas River to
1350 ft (411 m) on hilltops.”

Climate greatly influences the vegetation of Kansas. Mean annual rain{all is 20 in.
(51 cm) in western Kansas and increases to 40 in. (102 cm) to the east. Precipitation is
heaviest in early symmei, with about 75 percent of the annual 33 in. (838.2 mm)
occurring during the growing season. Summer precipitation frequently occurs as
thundershowers. Winters are generally clear and dry with snowfall averaging from 22 to
36 in. (558.8 to 914.4 mm) annually. Slightly greater precipitation falls in the eastern
areas of Riley and Geary Counties. Mean monthly temperatures range from 25°F (-4°C)
in winter to more than 80°F (27°C) in summer. Fort Riley has moderately cold winters
and hot summers.

“Draft Environmental Assessment: Multipurpose Training Range Complex.
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Soils

Soils on Fort Riley inciude river bottom soils, terrace and stream valley soils,
uptand prairie soils, and soils on hilly, often rocky areas.” River bottom alluvial soils
were carried from the high plains to the west and northwest and range from pure sand
through sandy and silty loams. These soils support woodlands and grasslands. Terrace
sotls are formed from materials eroded from limestone, shale hills, and ancient river
sediments, and they occur in bottomlands. These soils are variable, ranging in texture
from sandy loams to silty clays to clay loams. Upland prairie soils were formed on loess
deposits by the natural breakdewn of the stone hills. In the Flint Hills, soils are
relatively thin and "cherty"; away from these hills, upland prairie soils are thicker, with a
heavier texture and more clay in the subsoils.

The study sites have six general soils types. Although they vary, they have some
characteristics in common. Because of their high montmorillonite clay content, the soil
structure is blocky, and soils may have a high shrink-swell potentiai that may create
instability. Permeability is slow, and erosion potential is usually high. On some soils,
water availability is very low, which favors drought-tolerant plants. Most topsoils are
slightly acidice, except the Clime-Sogn soil complex, which is quite alkaline.

The loamy upland soils (Wymore) are generally deep loess soils. When in good
condition, they produce an average of 5000 Ib/acre of air-dried herbage. This is
contrasted with shallow limy uplands (Clime-Sogn complex), which average about 2500
Ib/acre or the alluvial lowlands, which can average 8000 Ib/acre. The loamy upland soiis
generally have low shear strength and are very susceptible to compaction and compres-
sion. They have good potential for agriculture and for wildlife use.

Wymore siity-clay loam comprises most of the prairie test and control site soils and
some of the riparian test area. These are generally dark soils with topsoil 13 in. deep and
subsoil 25 in. deep. Tilling and perhaps military use has eroded the topsoil over most of
the area, so there is a mixture of top and subsoils,

Reading silt toam on 0 to 3 percent slopes, and Irwin silty clay loams, which was
formed from clay shales, occur on gently sloping soils in the study areas. Both have
subsoils at 11 in. that extend to more than 40 in. deep. Irwin soils have a blocky
structure that increases their susceptibility to washing and runoff.

Areas with Clime-Sogn complex soils are calcareous and are found on 5 to 20
percent slopes. Clime soils usually occur below limestone outerops, while Sogn soils have
thin topsoils and occur directly on bedrock. Both soils have high erosion potential,

Atluvial lowland soils are a mixture of soils from adjacent uplands and upstream
areas; their use is restricted due to frequent flooding. An associated type of soil--the
Breaks Alluvial compiex--occurs in V-shaped drainages associated with tilled land,
Hecause slopes range from U to 50 percent and soil water permeability is poor, most of
these areas are not suitable for cultivation,

Prairie test and control sites were mainly Wymore soils in various erosional
conditions. The prairie control site encountered Ready soils on the western section of
one transect, and was bordered to the south by Clime-Sogn Series. The other transects

Soil Conservation Service, Soil Survey of Riley County and Part of Geary County, (U, S,
Department of Agriculture, June 1975).




may have had patches of Irwin Series. The prairie test portion also had patches of Break-
Alluvial, Irwin, and the Clime-Sogn Series.

The riparian control sites were made up of Reading (and on occasion Wymore) soils
in level areas, Irwin soils on some slopes, alluvial soils in creek bottoms, and break-
alluvial soils along two transects that followed drainages toward Madison Creek. The
riparian test site was covered by Wymore soil, some Reading soil, and patches of

Alluvial, Irwin, and Clime-Sogn soils.

Vegetation

The presettlement vegetation of Fort Riley was "tallgrass" prairie on uplands and
deciduous forests in drainages, {loodplains, and adjacent hillsides.® The prairie is a part
of the "bluestem" prairie that covers the Kansas Flint Hills and makes up 75 percent of
numerous species, includirg big and little bluestem (Andropogon gerardii and Andropogon
scoparius), Indiangrass (Sorghastrum nutans), and others. Riparian forests are dominated
by oak (Quercus macrocarpa), eims (Ulmus rubra), maple (Acer saccaharinum}, ash
(Faxinus spp.), and common hackberry (Celtis occidentalis).

Fort Riley has five natural and four cultural vegetation types.’

This study focused on two of the natural classes: the riparian system and the
adjacent grasslands. Agriculture is the predominant use of adjacent lands.

Ecological impacts of tracked vehicles can best be understood in the context of
vegetation succession after disturbances. These impacts include modifications of the
vegetation from land clearing, direct contact between vegetation and military vehicles,
and indirect impacts such as erosion.

Potential study sites for this investigation had to have a representative mix of
vegetation associations in the MPRC and adjacent areas. Most prairie study areas were
disturbed prairie and fallowed agricultural lands. Riparian areas had been timbered and
showed secondary growth. Most woody plants in riparian areas were less than 90 years
old, with the majority less than 30. Shrubs and saplings were most abundant in a fringe
of woody vegetation encroaching on the prairies from the riparian areas. Based on tree -
ring analysis, mos<t shrubs were also less than 25 years old.

Plant succession generally follows agricultural abandonment of lands. This includes
the initial establishment by annual plants in recently disturbed areas, and their gradual
replacement by biennials, and then short- and long-lived perznnials, including trees and
shrubs. At Fort Riley, asters (Aster spp.), goldenrods (Solidago spp.), thistle (Cirsium
spp. Cardus nutans), and several other plants occurred in recently fallowed lands. Unlike"

areas in the eastern deciduous forest, where most secondary successional studies have
been done,? woody vegetation may not be as important in prairie succession because of

®A. W. Kuchler, "A New Vegetation Map for Kansas," Ecology, Vol 55 (1974), pp 586-604.
'D. L. Williams, Report To Accompany Vegetation Maps of Selected Portions of Fort
Riley, KS (1978).

®D. W. Johnson and E. P. Odum, "Breeding Bird Populations in Relation to Plant
Succession on the Piedmont of Georgia," Ecology, Vol 37, No. 1 (1956), pp 50-61; J. R.
Karr, "Habitat and Avian Diversity on Strip Mined Land in East Central Illinois,"

Condor, Vol 7C, No. 4 (1968), pp 348-357.
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the reduced importance of woody vegetation in this region. Where planted, wood species
were important only in stream courses and in several areas that wera being invaded by
trees from the riparian systems.

The Study Sites

The prairie study sites were extensive, disturbed areas dominated by exotic plant
species, with several small, relatively natural, native prairie communities. Most prairie
study sites had been farmed. Based on woody plant ages, most farmed areas were
fallowed 15 to 23 years ago. Several areas were more recently fallowed and had a
weedier vegetation that included thistles (Ambrosia artemisiifolia) and ragweed
{Ambrosia psilostachya), Madison Creek and some larger tributaries were the only areas
with continuous riparian vegctation. Prairie dominated the uplands. There was often a
very abrupt boundary between prairie and riparian, possibly indicating wildfire. In some
l cases, this was related to farming activities. Narrow riparian corridors were on the

western side of Madison Creck, while better developed systems wete on the eastern
: banks. This is likely the effect of wildfires that burned from a predominantly westerly
. direction until encountering natural firebreaks such as Madison Creek. Many older trees
N on the west bank had multiple fire scars. Small reentrants in the prairie were dominated
" by prairie plants and low-growing shrubs (Symphoricarpos, Cornus sp.), with occasional

cottonwoods, ash, willow, and osage orange

Several areas with standing water had growths of sedges, rushes, and some rooted
. aquatic plant species. Prairie cord grass (Spartina pectinata) was often associated with
- such areas. ln general, prairie grasses occurred along moisture and soil- type gradients,
areas, espenxa lly on rock exposu"es?ﬁbluestem and indiangrass occupled mtermedlate
moisture soils; cord grass (Spartina pectinata) was found only in wetter areas.

"y e TrEEENR 5

Small patches of upland prairie, usually on shatlow 30il over exposed rock, were not

- plowed and perhaps were only grazed or hayed in the past. These parcels retained an
: appearance and a plant species composition that were probably similar to the prairie
i before farming disturbances. All prairie transects contained small, undisturbed prairie,

recently fallowed farm fields, and land that was plowed in the early 1900s. The recently
disturbed areas had an atundance of annual weed species; older plowed grounds had fewer
- and less productive growths of these weed species and were dominated by native prairie
yrasses. However, the widespread presence of ironweed (Vernonia spp.), bluegrasses (Poa

. spp.), Japanese brome grass (Bromus japonicus), ragweeds (Ambrosia spp.), and thistles
ﬂ suggested that the historie prairie disturbances had been extensive and the prairie soil
- significantly disturbed to select for disturbed-site plants. Tank ruts in the prairies were
vegetated by plants that were also found in recently fallowed lands. Ruts were usually

Leing invaded by vegetation from alongside the tracks. Production and stature of plants
in the ruts were suppressed, and plant speeies richness may have declined. Some ruts
were bare for several growing seasons based on ages of tree saplings in the tracks.

¥
3

-

5 Methods

::{ Sixteen sites (eight test and eight control) were chosen in and adjacent to the
N MPRC to study riparian and prairie vegetation types. The test sites for both vegetation
tvpes were located in areas expected to receive impacts from the MPRC. The condition
R of the control arcas was to be left relatively undisturbed by military activities. Four

control and four test transects, 800 m long, were established and flagged in each study
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area. Transect locations chosen in various representative areas were the locstions for all
ecological studies, and were permanently marked with 1/4-in.-diameter rebar (Figure
2), Field reconnaissance, aerial photographs, and maps were used to ensure that the
study areas were similar physiographically and vegetationally, and had relatively similar
anthropogenic and natural disturbance histories. An additional criterion for site
selection was ihat all areas had to be within USA-CERL's Geographical Information
System (GIS) study area. Because cf the relatively narrow MPRC area, some test areas
were located on adjacent land that will likely be modified only by MPRC use, and not by
construction.

Disturbance History |

Historic uses of land in the study areas were investigated to de.ermine their ‘
influence on the existing ecological systems. Anthropogenic and natural disturbances in
and around the study areas were investigated using 1956 aerial photographs (1:20,000). ?
Ages of woody plants (determined with an increment core sampler) were used to
determine when agricultural fields may have been fallowed; woodland tree ages were
used to date major disturbances.

Vegetation Studies

Woody Plants

Woody vegetation was sampled using four 100- by 2-m belt transects (800 m square)
for each riparian study area. Sixteen transects (four along each 800-m transect) were
sampled. A combination of riparian edge and interior was sampled along each transect.
Woody vegetation data consisted of tree and shrub stem counts, diameters, and canopy
cover to tile nearest 0.1 m. V/oody species in each sample transect were identified, and
those with stems taller than 1 m or diameters greater than 1 in. (25.4 mm) were
measured for diameter at breast height (DBH). Stem-size class frequency distributions
were prepared with these data. Woody species canopy cover was mecasured in two ways:
(1) by canopy intercept--a measurement of woody plant cover that intercepts each 100-m
transect and (2) by using a sighting tube with cross hairs and tallying the number of tree
stems intercepted above 20 sampling points along each 800-m transect. The heights and
diameters of the tallest trees along but not necessarily in each riparian study transect
were measured with a Leitz abney level and DBH tape. The ages of these and represen-
tative smaller-diameter trees were determined by inerement core sampling techniques.
These data were used to investigate the disturbance history, successional status, and
recuperative potential of the forested areas. Transects for the study of woody vegeta-
tion were not established in prairie areas.

Herbaceous Vegetation

All vegetation less than 1 m tall was sampled in 1-m circular quadrats, iocated
every 15 m along each 800-m transect in the riparian and prairie study areas. Plant
species were identified in each of the 50 quadrats of every transect, and their percent
cover estimated and recorded. The data were used to analyze relative plant cover and
frequency (percent of sample quadrats in which each plant species occurred) in each
study trunsect. Fifty quadrats were established in each 800-m transect. Plant voucher
collections of most plant species in the study transects were made. Plant specimens
were pressed, labeled, and mounted on herbarium paper. All ideatification and
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Figure 2. Location of the Multipurpose Range Complex (outlined in the central area of
the map) and the USA-CERL Geographical Information System high-
resolution window. L<cations and identification of the 16- to 800-meter
study transects in the prairie and riparian control and test study sites are
shown (scale 1:50,000).

13




nomeneclature follow Bare and Gleason.” Herbarium specimens (153 species) were
deposited at the USA-CERL and Fort Riley Herbariums. Searches for Federal and
Kansas special-status plant species were conducted during all field studies.

Avian Studies

Birds were studied using Emlen'® transect techniques. Surveying was done daily
for 3 to ¢ hours by two independent observers at a slightiy slower speed than suggested
by Emlen, because of the noise created from moving through the vegetation. Locations
of all birds observed or heard were plotted on prepared survey forms. Plotting and
analysis were done within 25-m-wide belts parallelling both sides of the 800-m study
transect to a distance of 100 m. The number of individuals for each species was
determined, and then averaged over the four 800-m transects in each study area. For
standardization with other studies, bird density has been reported as the number of birds
in 100 ha. Surveying along each study iransect was terminated when all or most of the
individual birds were consistentl, replotted in the same aress during multiple surveys.
three surveys were conducted in each study franqect Bird ncmenclature follows the
U. S. Fish and Wildlife Service Bird Banding Manual.'

Small Mammals Studies

Small mammals were sampled using 60 traps (four rat traps, 23 museum specials,
and 33 mousetraps) for four consecutive days (960 trapdays) along each of the sixteen
800<m transects for a total of 3840 trapdays. Traps were baited with peanut butter and
oatmeal and set at 5-m intervals. Traps were checked each orning, rebaited, and
reset. Most captures were submxtted as voucher specimens to USA-CERL. Mammal

nomenclature follows Hall and Nelson.'

Vegetation Mapping

Vegetation in the MPRC and peripheral acreage included in the GIS high-resolution
window was mapped on 1:24,000, color, infrared aerial photographs provided by USA-
CERL. Classification of vegetation generally follows Williams.'

3J. A. Bare, Wildflowers and Weeds of Kansas (Regents Press of Kansas, 1976); H. A.
Gleason, The New Britton and Brown [llustrated Flora of the Northeastern United

. States and Adjacent Canada (Hafner Press, 1952).
‘9J. T. Emlen, "1971 Population Densities of Birds Derived From Transect Counts," Auk.

Vol 88(1971), pp 232-342.
''North American Bird Banding Manual, Vols 1 and 2 (U. S. Department of the Interior,

Fish and Wildlife Service, 1978).
L2, R. Hall and K. R. Nelson, The Mammals of North America, Vols I and II (Ronald

Press, 1959).
13D, L. Williams.
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Results
Vegetation Studies

Woody Vegetation. There wuas no measurable weody vegetation in the prairie test
or control study areas. Based on canopy intercept along 2- by 100-m belt transects
{Tables 1 and 2), pitant species composition and total intercept (canopy cover) measure in
the ripaman test and control were very similar. The percent of the 1600-m transects
covered by woody vegetation in these study areas was also similar, with both haviig 60 to
80 percent canopy intercept. Slippery elm (U'mus rubra) dominated the test areas,
followed by hackberry (Celtis occidentalis). Ash (Fraxinus pennsyvlanica) and black
walnut (Juglans nigra) were co-dominants along the riparian test transects. Based on
total intercept, haubnrr\. also dommated the control, followed by slippery elm, dogwood
(Cornus spp.), honeylocust (Gledistsia triacanthos), and coralberry (Symphoricarpos
orbiculatus). Based on species richness, the riparian control site was slightly more
diverse, having 22 species compared to 20 in the riparian test area. Two of the dominant
species in the test area--walnut and burr oak (Quercus macrccarpa)--were not found in

the control transects.

Stem-size class frequency distributions of woody plants (Tables 3 and 4) showed
that the study areas had very similar total densities cf smaller live woody plants {0 to 5
¢m DBH), with 1400 to 1632 stems noted in an area of 1600 m~. The number of dead,
smaller-size stems was higher in the test study area, with 177 compared to 75 in the
control. The largest tree, whose diameter was 65 to 70 em, was in the riparian test
area. Woody plant density in the riparian test site was slightly wore variable, based on
standard deviation of mean densities. This suggests that the test area was better-
developed riparian, having a larger, older component, and that it was a slightly patchier
forest than the control areas.

Density for tree ana shrub species along the same study transects (Table 5) showed
slight species dominance shifts from the cover data. However, these data generally
support an assessment similar to the stem frequency distribution analysis. The test area
~1d slightly higher live and much higher dead stem density than the riparian control. The
clonal shrubs, coralberry (Symphoricarpos orhiculatus), dogwood (Cornus spp.), and
leadpiant (Amorpha fruticosa) showed higher densities in the controls. Slippery elm
(Uimus rubra), etders (Sambuscus canadensis), smooth sumac (Rhus glabra), pium (Prunus
americana), walnut (Juglans mgra), hentucky coffee tree (Gymnnocladus), and green ash

(F ramr{u:) had higher densities in the riparian test area.

The riparian test area had almost 100 more intercepted branches (Table 6), but
slightly more viable intercept among sample points. The mean number of intercepted
branches (based on 294 sampling points) was also slightly higher in the riparian test than
ir the control area. A total of 29! samples were taken in the control area.

In the riparinap test area, average tree diameter was slightly larger (Table 7), while
tree heights were slightly smaller. The average tree height and diameter were about 10
m and 40 em, respectively.
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Table 4

Frequency Distribution (Number of Stems) of Live and Dead Woody Stews Greater
Than I m Tall or 2.5 cm in Diameter, Measured Along Four 2- by 100-m
Transects Along Each of Four 800-m Study Transects (13-26 June 1984)
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Table §

Density (Stems/3200m2) of Live and Dead Woody Plants Greater Than 1 m Tall
or Greater Than 2.5 cm DBH as Measured in Four 100-by 2-m Wide Transects
Along Each of the 800-m Study Transects (13-26 June 1984)

RIPARIAN LTNTATL FIFARTAN TEST

SPECIES LIVE DEAD LIVE DEAD

Acer megunda 4 3

Qrer saccharinue {pemecont!

nno.'?ha frutticoea 107 7

Cstaloa specinsa 5 3

Celtis orcidentalis 51 7 122 9

Carnus <pp. 470 59 118

Fraxinys pennsylvanica 15 1 44 7

Bledits:a triacant=os 38 3 22 4

Cysno=ladus diotcus 3 20 1

Juglans nr1gra 4y 3

Juniperys virginiana 6

Paclera go-i(erd 10 65 11

Naeus alba (nrogantt

Yarrs ruhry 6 1 18

9arthenncy sus guxncue‘clxa 2

Pasulus deltoices 4

Prymig aeericang 22 214 12

Quereys eacrecanol 4

Rhug gist-a 29 319 36

Ribes erssryrience 1 1 15 5

Saiiv nigma 2

Sasbyzye zanadensis 29 5 119 91

S{-:%crxcafpcs crhrcnletus 516 237

Ulmrus rubra 67 1 199 10

Vitis ¢p. 5 3

urtaown vine 2 12

T0TAL 1421 81 1592 191

FEAN 67.7 9 79.6 17.4

ST0 140.5 17.8 92.1 25.5
Table 6

Total and Mean Canopy Intercepts (Number of Branches Using Sighting Tube)
for Riparian Control and Riparian Test Areas (13-25 June 1934)

rerpteteT

PR

-
.

-

e

TRANSECT TOTAL MEAN STD N VALUE
Riparian Control | 8.0 0.7 1.4 80.0
Riparian control 2 12.0 0.2 0.4 9.0
Riparian control J 91.0 (8 0.6 80.0
Riparian Control ¢ 8.0 0.4 1.0 12.0
Riparian Contrel Total 189.0 0.4 1.3 2910
Riparian Test | 145.0 1.8 2.3 80.0
Riparian Test 2 32,0 0.3 1.1 63,0
Riparian Test 3 3.0 0.8 1.4 70.0
Riparian Test 4 34,0 0.7 1.3 79.0
Riparian Test Tatal 284,90 1.0 2.3 2940
29
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Table 7

Tree Heights and DBH Reading From Selected Large Trees
in the Riparian Test Area (13-26 June 1984)

a. Test Area.

TREE
SPECIES DBH HE]GHT
{ca.) (neters)
‘ Celtic occidentalis 10,50 7.90
: Celtis occidental:s 20.30 8.10
. Celtis accidentalis 27.90 8.80
' Celt1s occidentalis 30.50 1.%0
Fraxinus pennsylvanica 22.49 9.20
‘ Fraxinus pennsylvantica 35,60 i2.00
Bladitsia triacanthos 33.00 8.30
‘ Juglans nigra 40,60 9.90
. Quercus aacrocarpa 71.10 12.70
. Quercus macrocarpa 25.40 10. 10
N Buercus sacrocarpa 76,20 12,00
. Quercus sacrocarpa $3.50 12.20
v Quercus sacrocarpa 76,20 8.40
l fean + St. 0. 42.6 + 21. 9.6 + 1.8
i b. Control Area.
A3
- TREE
- SPECIES DBH HEIGHT
{ca.) (neters)
*J
' Celtrs accidentalis 25.40 9.40
= Celtis occidentalls 5.4 9.20
s Celtis occidentalis 15,20 8. 460
Celtis occidentalis 15.60 9.00
Celtis accidentalts 30.30. 7.40
N Celtis occidentalis 40,60 9. 40
- Caltis occidentals 35.60 8.40
. Celtis accidentalys 81.30 9.90
s Fraxinus pennsylvanica 45.70 1.90
n Fraxinus pennsylvanica 315,60 9.90
ek Fraxinus pennsylvanica 38.10 13,50
Fraxinus pennsylvanica 83.80 16.40
. Fraxinus pennsylvanica 38.10 13,70
- Frasinus pennsylvanica 35,80 13.70
e Fraxinus pennsylvanica 35,40 12,50
e Populus deltoides 48,30 12.50
m ffean + St. D. 40.6+ 18.2  10:7 + 2.8
)
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Herbaceous Vegetation. Eight hundred quadrat samples were analyzed along the
study transects in the prairie and riparian control and test sites. Calculations were made
of plant species relative cover, relative frequency, sum (an importance value), and the
mean and standard deviations for these three indices (Tables 8 and 9). Total quadrat
vegetation cover values (Table 10) were similar in both the prairie and riparian test and
control sites and averaged more than 100 percent because of the multilayered vegetation
usually present. Based on cover and importance values, the riparian study areas (Table 8)
were dominated by several species: Japanese brome grass (Bromus japonicus), sunflower
(Helianthus annuus), bluegrass (Poa spp.), European brome grass (Bromus inermis), and
coralberry (symphoricarpos) Other species that codominated only in the riparian test
area included crown-beard (Verbisian alternifolia), nettle (Urtica dioica), and wild rye
(Elymus canadensis). Brome grasses had a higher importance in the riparian test
transects, which were close to fallowed farm fields. These species were also present and
important in the riparian control. The riparian test study area was slightly more diverse

than the control area, with 72 vs. 63 quantitatively sampled species.

In the riparian test area, vegetation had a more equitable distribution of impor-
tance va'ues and more species were dominant; no species had an importance value of
greater than 57, in comparison to a value of 82 for the control area. These two areas,
which shared more than 50 percent of their species, had 45 spacies in common. This
represented 62.5 percent and 71.4 percent of the species in the riparian control and test
areas, respectively. Virtually all dominant species were important in both areas, except
for crown-beard, which was not sampled in the control area.

The prairie control and test areas (Table 9) each had 68 sampied species, most of
which were common to both areas. Based on mean relative cover, the prairie control was
dominated by bluegrasses (I'oa spp.), brome grass (Bromus inermis), big bluestem grass
{Andropogon gerardii), and western ragweed (Ambrosia psilostachya). These species had
an average quadrat cover of 9.3 percent. Yellow sweet clover (Melilotus officinalis) and
small ragweed (Ambrosia artemisiifolia) also had high cover values. An average of 32
percent big bluestem grass cover dominated the prairie test area. On the average, about
6 percent of the cover was bluegrass, western ragweed, and quack grass (Agropyron
repens). Bare soils covered about 2 percent of both areas.

The most frequent species in the prairie control was western ragweed, which
occurred in more than 7 percent of all quadrats, followed by 6 percent bluegrass. Big
bluestem and yarrow (Achillea millefolium) accounted for about 5 percent. Several other
species, including sage (Artemisia ludoviciana), sma!l ragweed, sedge (Carex spp.),
fleabane (Erigeron strigosus), yellow sweet clover (Melilotus officinalis), and prairie
panic grass (Panicum leibergii) occurred in 3 to 4 percent of the quadrats. Big bluestem,
western ragweed, sage, bluegrass, and sedges were the most {requentiy noted species in

the prairie test area.

Based on importance value, the prairie control was dominated by western ragweed
and bluegrasses; big bluestem grass followed, with a value of 14. Brome grass had a
value of 12, and yarrow and small ragweed had values of about 9. Based on importance
value, most of the same plant species dominated the prairie test site. Big bluestem grass
was most prevalent, followed by western ragweed and bluegrasses. A total of 216 plant
species were sampled or observed along the study transects; 153 species were collected

for voucher specimens.
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Table 8

Totals, Means (x), and Standard Deviativas (STD) for Relative
‘Cover, Frequency, and Importance Values of Plants Sampled

a. Riparian Control Study Ares (13-26 June 1984)

COveR FROQuENCY INPORTANCE YALUE
SPECIES TOTALS 1 5T TOTALS ! ST0 TOTALS ! §T0

dutilica theophrast:

Acalvpha sp.

Rcalvpha virqimicy

Acerates anqustiialia

Achi]lea nx?le‘olxua )]
a?roavron repens ]
Al1sea plantago-aquatica

All1us Canadense

Aaaranthys retroflerus

Astrosia artesisitfolla

Aadrasia gsxlostachya t
Aeyrosid trifida 2
2e0rpha Canescens

Asorpha truticosd 3
Andropoqon Jerardtl 9.
Andropoqon scoparius 0
Androsace occidnetalis

Antenntaria neglect.,

Apocynue cannabinus

Artesisia ludoviClana 1.0 2.8 17 13.0 5.3 1.3 4.0 8,0 2.7
Asciepias mirtella

Asclientas Jurpurascens

Asciepias syrica 1.0 0.3 0.3 5.0 t.3 1.0 [ 4 1.3 1.3
Asclepias tuderosa

Asgleptas verticiilata

Asclepras virrdiflora

Aster sricordes

Aster piiosuy .

Aster sp, 1.0 0.3 0.3 1.9 0.3 9.5 2.0 0.9 {.0
Aster sericauy

Astragalus crassicargus

Baotisia australiy

3arvared vulgarss '

dare so1l 3.0 1.3 .3 2.0 0.3 1.0 1.0 1.8 3.3
Sudens ¢rodass
doenreer1d cylindrica
3rosus inersls 7
Brosus jagonicus 2.
Broeuy tectorus

Juchioe dactyioides

Z4Calis tuberosy

Zalitrhoe alcaeqides

Zallirhoe involucrata

Lanmatis sativa 0.0 0.0 0.0 1.0 0.3 0.3 0.0 0.0 0.0
Larduus nutyns
LAf By SQ,
taret 0, 3
Jarey triangqulirys 5,
Larer vuipinoides

Cassia fascicuiata

Teltis oczidentalys 0.9 0.0 0.0 1.0 0.1 0.5 1.0 0.3 0.9
Chasaesvce 5p.

Chenopodiue 4ibua

Cirsiun aitissiaus 3.0 1.3 1.0 1.0 .4 1.3 16.0 4,0 2.2
Cirsive discolor

Cirsiue undulatue
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convolvuius arvensys 1.0 0.3 0.3 2.0 0.3 1.0 3.0 0.8 1.3
Convolvulus sepiuva

Lornus 509, (] 1.3 1.7 .0 1.3 1.3 11,0 2.9 3.0
Croton sp.

Cuscuta so. 0.0 0.0 0.0 1.0 0.3 0.3 1.0 0.3 0.3

Cy?erul esculentuy
Jelohiniue Carolintanue
Jesaadium 9p.

Ecvinaces pallida
Echinochlod suricata
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Table 8 {Cont'd)

Echinocystis Jodata
Eleocharis palustris

Clyeus canadensis 12,0 1.0 32 11,0 .8 1.7 3.0 3.8 L4
Eragrostis spectadilis 0.0 0.0 0.0 2.0 0.3 0.6 2.0 0.3 0.6
Erigeron annuus 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.3

0.0 0.0 0.0 2.0 0.3 0.% .0 0.3 0.6

Erigeron strigasus
fuonveus asericanus
Zuphardis $p.
Festyca elatror
Festuca octatlora
Fragarta virqim2
Frazinys asericana
balius apirine 1.0 0.3 0.3 8.0 1.3 1.7 7.0 1.9 2.2

5al1ue circaezans

Seraniye carolinianus
Geus p. 4.0 1.0 0.8 9.0 .3 1.7 13.0 3.3 2.3
Sieditsia triacanthos 1.0 0.3 0.3 2.0 2.3 0.4 3.0 0.8 1.0

Blycyrrniza lepidota

Svenocladus dio1ca

Hegeosd Ni1spida

Hedyotls mgricing

Hellanthus annuus 335.0 13.8 bod 7.0 4.8 3.0 82.0 20.9 9.1
Helianthus grosseserratus

Hel1opsis relianthoides

Hidiscus trionue

Hieraciue langipilus

Hordeue jubdtus

Hordeus pusiilua .

Hypericue perforatus 1.0 0.3 0.3 1.0 0.3 0.3 2.0 0.3 1.0
lva scoparta

Juglans migra

Juncus Kansanus
Juncys torrey)
Juniperus virginiang
Xochia scoparia
Koeler1a cristata 0.
Xriqia oppositifolia
Kuhnid sunatpricides
Lactuca canadensis
Lactuca 9.

Lipartea canadensts
Legidiue densiflorus
Lesgedeza capitata
Liatris gycnos(acnva
Linue sulcatue
Lycopus isericanus
Yiclura pomferq
Medicago lupiiina
Wedlca?o 1ativa
Weliiotus alba
"el1lotus otfrcinalas 2.0 0.3 0.6 3.0 0.9 0.5 4.0 1.0 0.9
Hentha 30,

Mirabilis ayctagined 0.0 0.0 0.0 1.0 0.3 0.3 1.0 0.3 0.3
Monarda f1stulosa
Morys alba

Morus rubra

"oss

Suhlenberqil spo. 0.0
Oenathera speciosd 9.0
Jnosacdiue eolie 0.0
Jountia polvcanthe

Tualrs st oicta 0.0
Oral1d violaceae

Panicus captllare
Panicua linuginosue
Panicus leidergit 0.v
Panicus virgatus 10.0
Parietaria pennsylvamica 3.0
Parthenocissuy quineuetalis

Pengteson cobaes

Petalostescs candidue

Petalostesce purpureus 1.0 2.3 0.3 1.0 0.3 0.3 2.0 0.3 1.0
Petalostesrs g,

Phyla cunettolie

*hysalis sp. 0.0 0.0 0.0 2.0 0.3 1.0 2.0 0.5 1.0
Physalie sp.

Phytolacca qoericing

Plantago purshi
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Table 8 (Cont'd)

Plintago sp.

Plantago varginica 0
Poa suf. 2.
Polvgala verticillata

Polygonue dronastrus

Polvqonue persicaria

Polygonus rinasissiaus

Palvgonue so.

Prunys asericana 40 1.0 %
Psorales argoony!la

Psoralea sp. 2.0 0.§
Ptilientue nutteling 0.0 9.9
Quercus sacrocarpd
Ahys glabra

Rhus radicans 8.
Ribes atssouriense M
Rorippa 0.

Posq artansanid 4.0 1.0 2.0 $.0 t
Rubuge strigasus
Rueilta strepens
Ruser altissisus 0
Ruser crispus 9
Sagittaria latifolis

Sasbucus canadensis 0.
Sanicula qregarla M
Schrankia nuttallng

Schraophularia sp.

Scirpus atrovirens

SciPpus cyperinus

Scroghularia sirilandica

Scuteilaria resinosa

Senec10 paupercuius

Setaria sp.

Silene antirrhina

Silphiue speciosus

Stsyrinchiua sp. 9.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.3
s.xf.x 9.

Seilax tisnoides

Solanus ciralinense 9.0 0.0 0.0 1.0 0.3 0.3 1.0 0.3 0.9
Solenua rostratus

Sclanue tritlorue

Salidiqo canadensis 3.0 8.3 Lo 17,0 43 2.6 12.0 10.3 6.6
Sonchus asper

Sorghastrus autans
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Spartina pectinata 1.0 1.8 2.4 3.0 1.3 1.3 12.0 3.0 3.8
Sohenopholis i1ntereedia

Sphemapholis obtusata T 1.8 3.9 6.0 1.3 1.9 13.0 3.3 5.2
Sporodoius heteroleply

Stachys tenurtolia 1.0 0.3 0.3 90 1.0 0.8 3.0 1.3 1.3
Stiza sy, 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.3 3.5
Syeghoricarpus ordiculatus 83.0 13.8 7.0 26,0 8.5 1.9 89.9 22.3 8.8

Tararacus oféicindle

Teucriue canidense

Thiaspr arvense 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.3
Tradescantia ohiersis

Trz?oooqoo Jubius

Trivolive rfll!ﬂ!!

Triodanis leptocarpa

Triadaniy pertoliata 1.0 0.3 0.5 1.0 9.3 0.5 2.0 0.5 1.0
Typha angustafolis

Typha latitnlia

Vlsus rutra 8.0 1.3 2.4 40 1.0 1.4 19,0 2.3 3.8
Urtica di1o1ca 9.0 .3 2.2 3.0 1.3 1.9 14,0 3.3 3t
iervascus diattarta
‘ernascus thaosus
Yerbend hastata 0.0 0.0 0.0 1.0 0.3 0.3 1.0 0.3 0.3
Vertena stricta 9.0 0.0 0.9 1.9 3.3 0.3 .0 0.3 0.3
Jerdising dlternifolia '
Jernonte 1p. 8.0 1.3 0.4 14,0 3.3 1.7 20.9 3.0 2.2
Jeronica pereqring
ViC1a asericand
vialas so.
fanthius struedriue
TTTALS 386.0 98.¢C £5.3 98.3 77C.0 194,07
species 72
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Table 8 (Cont'd)
b. Riparian Test Study Area (13-16 June 1984)

RIPARIAN TEST
CoveR FREQENCY INPORTARCE VALLE
WPECIES TOTALS ! s1 TOTALS ! ST TOTALS ! ST

Wutilion thooohrast
alypmha sp,
‘ocalyfha vIrginica
werates an?ustlfolu
‘-cmHea aillefolive
7rupyrm repens

1403 plantago-zquatica
1y canadense
“saranthus retrotlevys
‘abrosia arteqrsiitolia M
laorosia gnlosuchn 12,
labrosia tritida 12
le0rpha canesceny
lsorpha fruicose 1.
3adropoqon gerardiy 9.
indropogon scogarius 1.
sndrosace occrdnetalis
ntesaaria neglecta
pocynue cannddinue
Artearsia ludovicama 3.6 1.3 1.9 b N t.3 1.3 10.9 .3 3.0
dscleotas Mirtella
Asclen1as purpurascens -
Ascleptas syrica 2.0 0.3 0.4 11,0
Asclepras tudeross
Asclepras verticailata
Ascleptas viriditlora
Aster ericoides
Aster pilosus
Aster sp.
Agter sericeus
astragalus crassicarpus
Japtisia australie
darbarea vulqaris
Jare soi)
S1dens irodosa
Soenseria cylindrica
Srosus inereis 37,0
Srosus jioonicus 9.0
Broeus tectorus
Buchioe dactyloiges
facal:s tunerosy
Caliirhoe alcaeordes
Callirhor 1nvolucrica
lannibie sativa
Cérduus nutans
Carex sp,
Serer sp, Jov
Carer trianqulary 1.0
Carst vuipinoides
Cassia fascicuiata
Celtis occidentalys 2.0 0.3 1.0
Chasaesyce sp.
Chenopodiue aldue 0.0 0.0 0.0 2.0
Cirsius altrssisun 2.0 0.9 0.4 .
Cirsiue discolor
Cirsive undylatus
Convalvulus arvensiy 0.0 0.0 0.0 2.0
Convolvulus sepiue
Cornes spp. 12,0 3.0 1.3 1.0 1.8 1,0 19.0 (N } .3
Croton 99,
Cuscuta p.
Cvaui esculentys
Jeiphiniue carclinisnue
Jessodiue 3p. 9.0 0.0 0.0 1.9 0.y 0.3 1.9 0.3 0.9
Echinaceq pallida :
Echinochiaa suricats
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Table 8 (Cont'd)

chinocyatiy Lodats
vieacharts palustris

Liraus canadensis 339 8.3 8.9 .0 8.3 42 8.0 16.8 1.9
Lragrastiy spectadilis 0.0 PR 0.0 1.0 0.3 0.5 1.0 3.3 3.3
LriQeron dnnuus 0.0 9.0 0.0 1.0 0.3 0.3 1.0 0.1 0.3
frigeron strijosas 2.0 7.3 0.6 3.0 0.3 1.0 1.0 1.3 1.3

1uONvRUS 88T C3NUY
taphorstd so.

restice slatior

i'sstyca actotiora

Vragarta virginiang

Frazings deericand Y 0.3 0.4 1.0 0.3 0.3 3.0 0.8 1.0
Jaiue parine

Ddliue circaezans

GeraniLue cirolintinue

‘68 99, 920
dleditsia triacanthos 1.3
yivcyrrhiza legrdota
Jvenocladus d101C3
redenaa Nispida

redyot1s AIQriiany
rel1anthus annuus
Helyanthus qrosseserratus
+el100919 helranthoides
41918cus trionud
+1eraciue lonqiotive
Hordeus Jubatue

dorgeus pusiilus
Aypericue perforatua

ivd SCOQdr1e

Juqlans nigra

JUNCUY Kansanuy

Juncus torreyl

Juniperus virgintina
oCnid scoparia

taeleria cristata

trigra oppositiéolta
Tuhnia supatprigrdes
Lactuca canadenss 0.0 0.0 0.0 5.0 1.3 1.3 3.9 1.3 1.3
Lactuca so.

Laportea Cinadensis

.egidiua fensiilorun 0.0 0.0 0.0 1.0 6.3 9.3 1.0 0.3 0.3
wespedeza caottata
Ciatris gvenostachya
Lihue suicatue
L1CLOUS daericinus
“aclura posifera
Neq1¢ago lupriing
Yedicago sdtiva
“eiiiotus alba
"eliiotus atticinalis
fentra S0,

iragilis nvctagines
%ongrda *1stuloss
Yarys albda

Yorys rudra

nag

tihiendergii spo.
Jenothera speciovd 2.0 0.0 0.0 1.0 0.3 0.3 1.0 0.3 0.3
inaseodiuve soile

‘ountiad palveantna

Jiaits et icta 0.0 0.0 9.0 3.0 0.8 0.3 3.0 0.8 0.3
Jualis violicese

2anicue caorilare
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Panicun lanugraosue 0.0 0.0 0.0 1.0 0.3 0.3 1.0 0.3 0.3
Panicue iernerqil 0.0 0.0 9.0 5.0 1.3 1.0 3.0 1.3 1.0
Panicue virqatus

Parietaria pecnsylvamca 3.0 0.8 1.3 10.0 2.3 1.7 13.0 13 2.9
2arthenact ssus Juinquedalta 1.9 0.3 0.3 2.0 0.3 1.0 3.0 0.8 1.3

Pengtason cobaed
Patalostesce candidus
“etalosteson purpureve
Fatalosteecs 5.

Shyla cunerfolis
“Mesaliy so.

“hysalis 89,
hytalacca deericand
°lantago purshit
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Table 8 (Cont'd)

Plantage sp.

Plantago virginica

rod n;.

Yolvqala verticitiata

Falyqosue aronastrus

Folyqonua persiciriy 1.0 0.3 0.3 1.0 0.3 0.3 3.0 0.3 1.0

0l ygonus riacsissieus

Palygonus g,

Prunds aeericana 2.0 0.3 1.0 .0 0.3 1.0 5.0 1.3 2.5

Fsoralea argophvila

Psoraled ¢p.

Ptilisniye auttallii

{Uercus 8acrocarpd 0.0

Rhuy qlabra 1.0
3.0
1.0

3.0 1.8 LY 26,0 6.3 1.7 37.0 4.3 3.4

RSO
[RTEYS Y5

Bhus radicans |
qibes aistouriense

Rorippa sp.

2083 rvinsamd

Rudus strigosus 9.0 0.0 0.0 1.0 9.3 0.3 1.0 0.2 0.3

uellia strepens

Juser aitissisus 2.0 0.5 1.0 2.0 0.3 .0 4.0 1.0 2.0
gser CTIspys
Seqttarta latifolia
Saeducuy canadensts 2
Santcula gregaria 2.
Schrankia nuttalisi

Schecohuliria 9.

Scirpus dtrovirens

Scirpus Cyperinus

Scroghularia earilandica

Scutellaria resinoss

Senec10 pauperculus

Setarta sg.

Silene antirrtina .
Silphius speciosus
stInncMu. ..
Setlarn sp.

Seiiax tassoides
Selanua cirolinense
Salanua rostratus
Salanus triflorue
Sol1dago canidensis 18.
Sonchus asper 9
Sorghastrua nutans

Soartina f«tmata

Sphenophoils intersedis

Sohenopholis odtusata 0.0 0.0 0.0 2.0 0.3 0.6 2.0 0.3 0.6

Sporcoolus heteralepis
Stachvs tesurfolia 1.0 0.3 0.5 1.0 0.3 0.5 2.0 0.9 1.0

Stiga sp.
Sysohoricarpus orbiculatus 18.0 4“3 2.5 12.0 3.0 1.4 30.0 1.5 3.7

Tarevacus orficinale

Teycriua canadense

Thidspr arvense

Tradescantia ohrervis

bwwmmdwws 2.0 9.0 0.0 2.0 0.3 1.0 2,0 0.3 1.0
Trifolius gratense

Triadams leotocarpa
Tricdanis perfoliata
Typha amzustafolu
Typha latitalia
Ulsus rudra S
Urtica dioica 19.
Verdascue bdlattaria

Verbascus tmisu! 0
Verbena hastata "]
Yerbena stricta 0
Verdisina altermitalia 1.
Vernonta 99, 1]
Veranica pereqring
Vicia asericama
Yiota 0.

Linthiue strusariue

TALS 380.0 96.2 383.0 97.6 780.0 19.6
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Table 9

Totals, Means (x), and Standard Deviations (STD) for Relative

Cover, Frequency, and Importance Values of Plants Sampled

a. Prairie Control Area (13-26 June 1984)

COvER
SPECIES TOTALS !

Abutilion theophrast:
Acalvoha so.

Acalyohd virqimica
Acerates an?usmolu
Achilled stiletoliue
h?ronym\ regeny

Al1sea plantigo-aquatica
Alliue Canidense
Asaranthus retroflerus
dabrosia srtemisiifolia
Asbros1d peilostachya
Rsbros1d tritida

Raorpha cinescens
Aeorpha fruticosa
Sndrogogon gerardil 7.0
Androgoqom 1COpATIVY 8.9
Androsace occidnetalis
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Agocynua Cannadinue
Artesisia ludoviciana 11.0
Reclepras Mirteila
Ascler1as purpurascens 0.
Ascleptas syricd {
Asclepray tuderosa
Asclepras vertictllata {
Asclepras viridiflors i
Aster ericotdes 3
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Adter priosus

Aster sp.

Aster sericeus
nstragalus crassicarpys
Baptisia austraiis
Bardarea vulgar:s

Bare soul 10.0 .95 3.0 2.0 0.3 1.0 12,0 3.0 5.0
Bidens froeoses

Boehsertd Cylindrica

Broaus inermiy 37.0
grosus japonicus 1.0
Brosus tectorus
Buchice dactvlaoides
Cacaiy tuderosa
Callirhoe alcaeotdes
Callirhae 1nvoiucrata
Cannadiy sativa
Carduys Auting

Carex sp,

Carer 5p.

Cares triangulens
Carer vuipinaides
Cassta tasciculata
Ceitis occidentalty
Chasdesyce 3.
(henosodiue aldue
Cirsiue altissisue 2.0 0.3 0.6 5.0 1.3 1.9 1.0 1.8 1.9
Cirsiue d1scolor

Cirsiue undulatus 0.0 0.0 0.0 1.0 0.3 ¢.9 1.0 9.3 0.3
Canvalvulus arveaqis

Convolvulus septua

Cornus spp.

Croton $p.

Cuscuta so.

Cvperus esculentus

Delphiniue cirolintanue

Jesaodiue 9.

Echinacea patlida

Echinachloa suricata
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Table 9 (Cont'd)

Echinocystis lodata '
Eleocharty palustriy 1.0 0.3 0.3 1.0 0.3 0.5 2.9 0.3 1.0
Elysus canadensis 1.0 0.3 0.5 4,0 1.0 0.8 3.0 1.3 1.3
Eragrostis spectabilis 1.0 1.3 1.7 10,0 2.3 1.7 17.0 43 3.3
Erigeron anayus 0.0 0.0 0.0 2.0 9.3 0.4 .0 0.3 0.6
Erigeron strigosus wo 1.0 0.3 13.0 3.3 a1 19.0 4.8 2.9
Euonysus aaericanus

Euphordia sp.

Festuca elatior

Festuca octoflora 0.0 0.0 0.0 3.0 0.8 1.0 3.0 0.8 1.0

Fragaria virgintana

Fraxinuy asericana
Galius agarine 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5

baliua circaezans
Geraniuw carolinianye 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.3

Geua 4p.
bleditsia triacanthos
Blycyerniza leprdata
Svenocladus dio1ca

Hedeosd Mispida .
Hedyotis nigricans

Helianthys annwus [ Y] 1.3 1.0 9.0 2.3 1.0 13,0 kR | 0.3
Hellanthug gqrosseserratus

Neliopsis hellanthoides

Hibiscus trionue 0.0 0.0 8.0 1.0 0.3 0.3 1.0 0.3 0.3

Hieraciua longipilus
Hordeus jubatus
Hordeus pusillue

Hypericus peréoratra 1.0 0.3 0.3 1.0 0.3 0.5 2.0 0.3 1.0
[va scogaria
Juglans nigra
Juncus kansanus 1.0 0.3 0.3 4,0 1.0 1.2 3.0 1.3 1.9

Jungus torreyt
Juniperus virginiana

Xockia scoparta

Koeleria cristata 1.0 0.3 0.3 4.0 1.0 0.0 5.0 1.3 0.3
Krig1a oppositifalia
Kuhnta eupatorioides 0.0 0.9 0.0 2.0
Lactuca canadensis . . .

Lactuca sp.

Lipartea canadensis

Lepidiua densiélorus 0.0 0.0 0.0 8.0 2.0 0.8 8.0 2.0 0.8
Lesgedua capitata 0.0 0.0 0.0 1.0 0.3 0.3 1.0 0.3 0.3
Liatris pycnostachya

Linue sulcatus .0 0.3 1.0 5.0 1.3 1.3 5,0 1.9 1.3

Lycopus asericanus
Maclura poeifera
Medicigo luoilina
Hedlcago sativa
Melilotus 4ida
Melilotus officinalis
Rentha $p.
Hiradilis nyctaginea
Monarda f1stulosa
Rorus aibe
_Marus rubdra
Ross
Muhienberg.. spo.
Je - sthera speciosa
Onossadiua eolle
Opunti1a polycantha
Oxalis st icta 0.0 0.0 0.0 5.0 1.3 0.5 3.0 1.3 0.3
Oxalis violaceae
Fanicue capillare

Panicus lanuginosun

Panicua letberqut 4.0 1.0 0.0 13,0 3.3 1.0 17.0 43 1.0
Pani~:e virqatus 10.0 2.3 3.0 4.0 1.0 2.9 14,0 3.3 1.0
Parietaria peansylvanica

Parthenocissur uinquefolia

Pensteson (obaed

Petalostesos candidus 0.0 0.0 0.0 4,0 1.0 1.4 %0 1.3 1.9
Petalastracs ourpureus 0.0 0.0 0.0 1.0 0.3 0.3 1.0 0.3 9.5

Petalostesas sp.
Phvla cunerfalia

- Physilis sp.
Physalis sp,
Phytolacca asericane
Plantage purshii

30

Y4t
R N e A I T R e T e e A P g Sl o R R SR &



Table 9 (Cont'd)

Plantago 9.

Plantago virqinice 1
Poa soi. 1.
Polvgala verticillata

®olvganue arenastrue

Polyqonue persizaria

Palvoorus risosissias

29l vganua $p.

Prynys dsericind

Psored érgopnvila

“soralesd so. 1.
Pritianiue nuttalin i
Quercus aacrocarps
Shus gqlaora

Rhus radicany

Rioes alssouriense
RGriona 9.

B0sa arkintamd

Rudys strigosus
Ruellia strepens
Suaer altissieus
Fuser ¢rispus
Saqittaris latifalia
Sembucus cinidensys
Samcuid gregaria
Scheannia auftaling 0.9 0.0 0.0 1.0 0.3 0.3 1.0 0.3 0.3
Schraophularia so.

Scirpus atravirans

SCirpus cvperinus

Screophularia earilandica

Scutellaria resinasa

- —
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< =3
wn
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©

Senec10 pauperculus 0.0 0.0 0.0 1.0 0.3 9.3 1.0 0.3 0.3
Setaria sg.
Silene antirrhing 2.0 0.3 0.8 6.0 1.9 1.0 9.9 2.3 .3

Silphiue speciasus
Sisvrinchius sp.
Seilax sp.
Setlax tasnordes .
Solanue carolinense DR 0.9 0.0 1.0 0.3 0.3 1.0 0.3 0.3
Salanue rostratus
Solanus triflorus
Sol1d4qo canadeasns 3.0 1.3 1.9 9.0 .3 1.7 12.0 3.0 3.4
Sanchus asper
- Sorgnastrus nutans

Spartina pectinata 3.0 0.8 1.3 1.0 9.3 0.5 40 1.0 2.0
Sohenophalls intersedia
Sohenopholis obtusata 1.0 0.3 0.5 3.0 0.9 1.9 4.0 1.0 2.0

Sporotoius heterolepis

Stachys tenutfolia

Stipa so. ) 9
Syephoricarpus orbiculatus 3
Tararacum otficinaie

Teycriua Canadense

ThlaspL arvease

Tradescantia ohlersis

rra?oooqon dubius

Tritaliue pratease

‘riggants (8ptocarnd

Triggams perfoliata 5.0 1.3 2.3 9.0 2.3 1.9 15.0 3.8 43
Tyoha anqustafolia

Tvpha latitolsd

Ulaus rubra

drtica droica

verbascue dlattaria

verhascus thapsus

Yerhena hastata 0.0 0.0 0.0 2.0 0.7 0.8 2.0 0.7 0.6
Verbena stricta

Verdesina alteraifolia %
Vernonta sp. L0 1.0 t.2 11.0 2.8 Ll 12.0 3.0 3.4 )

Yeranica peregring j"
Vic1d americand 3
viola sp. i
lanthiue strusdriue 3

o> o
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“eet B ATE W R B 1 b & amiume
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Ptatet .

TOTALS 133.3 90.4 0o 103.0 730.0 1921

% N
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Species €8
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Table 9 (Cont'd)

b. Prairie Test Area (13-26 June 1984

PRAIRIE TEST
Cover FREQUENCY IRPORTANCE VALUE
SPECIES TOTALS ! §70 TOTALS 1 ST TOTALS { s10

shytilion theophrasti

Acalypha sp.

icalygha virginica

Acerates anqustitolia

achiliea ntliefoliun %
Sqrogyron regens A4,
Ali1ssa plantago-aquatica
Alltus canadense
Auaranthys retroflevus
Asdrosia rteamistafolia
Asbrosia psilostachya
Aeldirosia trifida
Asorpha canescens
Aeorpha fruticosa
Androgogon gerardai
Andropogon scopariuy
Mdrosace occrdnetaing
Antennaria neqlecta
Aocynue cannadiayae
Artemisid ludoviciama
Asclepras hirtells
Ascleptis purpuriascens
isclepras syrica
Asclepras tuderasa
Asclepias verticillata
Asclepras virtdiflora
Aster ericordes

Mster pilosus

Aster sp.

Aster sericeus
Astraqalus crassicarpus
Japtisia sustralas
3ardarea vulgaris

Sare sa1l 8.0 2.0 4.0 3.0 0.2 1.3 1.0 2.8 3.3
Sideas frodosa

doehseria cylindrica .
3roaus inerme 8.0 2.0
groeus japonicus 17.0 43
Sroaus tectorue

Buchloe dactyloides 1.0 0.3
Jacaliy tuderova
Zallirnoe dicaeordes
sallirnoe involucrata
cannabrs sativa

-arduys nytans

Larex sp,

Zarex sp,

saren trianqularts
liret wipinaidea
casstd fasciculata
leltis occidentails
Ihasaesvce 99,
chenogodiue aibus
L1rsius altissieve
Cirsiue discolor
Cirsiue undulatue
Convolvulus arventyy
Convolvulus seprue
tornue s0p.

‘roton sp,

Cuscuta g,

Crperus esculentus
Jelphiniue carolinanve
Jesaodiue 3p.

Echinicea pallida
Echinochioa sricata 0.0 0.0
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Table 9 (Cont'd)

Echinocystis lodata
Elsocharts palustris 0.0
Elveus canadensis 8.0
fragrostis spectabilng 2.0
Erigeron annuus
Erigeron strigosus 6.0
fuonvaus dsericanus
tuphordia so. 1.0
Fegtuca elatior
Festuca octatiora 0.0 0.0
Fragiria virginudad
Fraxinug asericand
Saliue dgarine
S¢l1ua Circaezans
Jeraniud carolintanus 4.0 1.0 0.8 12,0 3.0 1.6 16.0 4.0 24
feus 0.
sleditsta triacanthos
Slvcyrrhiza lepidoty
Syanocl adus d101Ca
redecsd hispida
Hedyot1d nigricans
Heliadnthus ennuus
. Helianthus qrasseserratus
- - Weliopsis helianthordes
’ Hipiscus trionce
Hieracius longipilue
Hardeye jubatue
Hordeus pusiliue
Hypericue perforatus
Iva scoparia
Juglans nigra
luncus xansanus 5.0 1.3 1.3 9.0 3.0 1.0 14,0 3.8 1.t
Juncus torre;i
Juniperus virginiand
Kochia scoparta
Koeier1a cristata 11.0 2.3 2.4 16,0 4.0 2.7 2.0 5.8 5.0
Xrig1a opposititolia
Xuhnte eupatorioides
Lactuca canadensis 1.0 0.8 1.0 6.0 1.3 1.3 9.9 2.3 2.2
Lactuca 9p.
Laportea canadensts
Legidiun densitlorus 1.0 0.3 0.3 12
Letpedera capitata 9.0 0.0 0.0 |
Liatris gycnastachya
Linus sulcatue 0.0 0.0 0.9 6.
LyCopus asericinus
naclura posifera
. wadicaga luptiina
, ned:cazc sativd

*elilotus alda
weliiotus officinalis 3.0 .3 [.5 3.0 0.8, 1.} 8.0 2.0 2.4
mentha 90,
mirantlis ayctagined
Monarda tistulosa
morus aiba
“grus rubra
“ass
“yhlendberqil %00.
Jengtherd speciasd
Jnossodius solle
Jountia polycantha
Trainy stoacta 0.
Jratis violacese 0
Fanicud caprllare
“anicue banuginasus
Pantcue leidergil s
Pantcus virgatua 3
Parietaria pesnaylvanica
oirthenaciesus quinquesolia
Jangteson Codied
cetglosteson candidue 3.0 0.0 0.0 2.0 0.5 0.6 2.0 0.3 0.4
Pt osteace purpureus
Petglosteens 90,
Pryte cunerfolia
Srysalis 59, 9.0 0.9 0.0 2.9 0.3 0.8 2.0 0.9 0.8
“hvsalie sp. o
Phytolaccd asericingd
Plantaqgo purshiy 0.0 0.0 0.0 1.0 0.3 0.3 1.0 0.3 0.3

<
.

(=4
~
<
<
.

e

—a- <
oo o
o o
—o ©
O -
o -
Py ]
oo
Ot A
-
oW o
-
=]
"~
—
[
<
-

PREPRE = R

R
oo
oo
(A:‘
oo
o
o
o -

i

b
i

-y

._..
by
—-:\!
[ ] 3

~>

~

¢

<

[ X" ]

[« -X ¥ ]
~RLF

LRl

AR SO S SNam

4 4 et e
P A )

E 33

R R I T I
PRECNORRRNE SOSE Se ey

! ~




Table 9 (Cont'd)

lantago 9p.
Plantaga virgimica

Poa saY.

Polvgala verticillata
®alyqonue aronastrus
Polyganue persicaria
folyqonus rasasissisus
Palvqonue sp.

>runus asericang
“sorale. arqophylla
Psoralea sp

“tilisnius nuctalln
duercus sdcrocarpa
Ahyg glabra

Myg radicang

1ihes sissourtense
Jorippa 4p.

084 arvanvend

udus strigosus
quellta stregens 1.
Ruser altissieus 1
Ruset Crispus

Sagittaria latitolta

Sasbucus canadensts

Sanicula gregaria

Scarankia nuttallng 1.0 0.3 0.5 49 1.0 0.0 3.0 1.3 0.3
Scheoohularia sp.

Scirpus atrovirens

Scirpus cyperinus

Scrophuliria earilandica

Scutellarta resinosa

Senec10 pauperculus

Setaria sg.
Silene antirrhina 0.0 0.0 0.0 L0 1.0 0.8 4.6 1.0 0.8
Silphiue speciasus

Sisyrinchiue 9.

S-n{a: .

Seilax tasaotdes

Salinue caralinense

Solanue rostratus

Solanua tritlorus .
Solidago canadens:s 1.0 0.3 0.3 4,0 1.0 1.4 3.0 1.3 1.9

Sonchus asper
Sorghastrus nutans 3.0 0.8 1.0 3.0 0.8 1.0 8.0 - B |
Soarting fectlnata

Sphenopholis 1ntersedia

Sohencpholis odbtusata 1.0 0.3 0.3 1.0 9.3 0.3 2.0 0.3 1.0
Sporodolus heterolesis

Stacnys tenuifolia 0.0 0.0 0.0 1.0 0.3 0.3 1.0 0.3 0.5

Stiga so.
Sveohoricaraus ordiculatus 0.0 0.0 0.0 2.0 0.3 0.6 2.9 0.3 0.4
Tararacus aéficanate
Teucrius canidense
Thiaspr arvense
Tradescantia ohjervis
T'a?OYoqon dubtuy
Tritoliue fratlnse
Triogants leptocarpa 9.
‘riodants perfaliata 2
Typha anqustatolia
Tyohd latidoita

sy rudra

Jrtica dioica
Jerdascue dlattaria
Verbascus thapsys
verbena hastata
verdena stricta
Yerbisina altesnifolia
Yernonia <p.

veronica pereqring
Victa asericand

Yiola sp.

Linthius strusarius

5.0 6.3 0.8 17.0 LM 17 2.0 10.3 1.0

0.0 0.0 0.0 1.0 0.3 0.3 1.0 0.3 0.3
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Species 69
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Table 10

Average Percent Cover for All Plants Less Than 1 m Tall
(From 50-m-square Sample Quadrats, 13-26 June 1984).

CONTROL TEST
STLIY AREAS 1 51D STUDY AREAS { STD
RCI 131.2 40.2 RT1 121.1 35.3
RC2 116.5 3.9 RT2 101.3 36.0
RC3 147.4 49.3 RT3 143,46 88,7
RCA 142.4 512 RT4 L 47.0
PCi 141.0 7.9 P11 126.8 29.5
pC2 109.4 32.8 P12 122.8 33.8
pPC3 132.4 46,5 P13 122.4 0.7
PC4 143.2 4.7 PT4 126.2 42.0
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Avian Studies

The number and species of birds in the riparian and prairie control and test areas
showed that these areas were very similar (Table 11). Based on species richness, both
riparian areas averaged 30 species. The prairie had 18 to 22 species per transect in the
test and control areas, respectively. Breeding bird species richness in the riparian areas
was 25 and 26 for the control and test sites, respectively. Eighteen species were
recorded in the prairie control, and 13 in the prairie test. Visiting species were fewest in
the prairie control (three or four species), while the prairie test had six species. Four to
six species visited the riparian areas.

The house wren was the most abundant breeding bird in the riparian control. The
dickeissel, a prairie species, was very abundant, since it visited riparian edges exten-
sively., Habitat edge was important to many bird species in the riparian areas. Some
species that used riparian interior and edge were important in both prairie and riparian
study areas, including common yellowthroats, brown thrashers, goldfinches, northern
orioles, eastern kingbirds, and visiting species. Visitors included dickeissels, grasshopper
sparrows, brown-headed cowbirds, swallows, and other species. Dickeissels were far
more abundant and important in the prairies, with an estimated 97 to 110 individuals in
100 ha. Dominant breeding species of the prairie were common to both prairie study
sites, and had very similar densities in each area. This included meadowlarks, grass-
hopper sparrows, and dickeissels; visiting brown-headed cowbirds were observed
parasitizing nests of these three important species. Consequently, the cowbird was an
abundant but variable visitor in the prairies. Upland plovers were observed nesting only
in the prairies, with similar densities in both the test and control areas (10 to 13
individuals per 100 ha). Several habitat edge species occupied even the smallest growth
of shrubs or trees in the prairies. Thus, both edge and riparian species were recorded in
the prairies. Species included brown thrashers, catbirds, yellowthroats, kingbirds,
rosebreasted grosbeaks, warbling vireos, chickadees, robins, indigo buntings, cardinals,
and field and chipping sparrows.
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Table 11

Results of Emlen (1974) Bird Surveys in Riparian and Prairie Control
and Test Study Areas (13-26 June 1384). (Mean and Standard deviations
{STD] for bird density are calculated from three surveys along each of
the four 800-m transects in each study area. Mean density of birds has
been equated to other stucies by standardizing sample areas. Density ha:
been presented as numbers of individuals of each bird species in 100.

SPECIES RIPARIAN CONTROL RIPARIAN TEST  PRAIRIE CONTROL  PRA[RIE TEST
MEAN 5§10 MEAN STD REAN STD REAN S0

BLUE WING TERL 14
GREAT BLUE HERON [ ¢
GREEN HERON 3 0 §* 0
UPLAND PLOVER 8 0 13* 9 10 ) 13 9
KILOEER 8 0 7 1 10 3 13 ¢
BOBWHITE QUAIL 3 M 18 9 8 4 10 3
RING NECK PHEASANT [ 0 [ 0 10 § 7 !
AOOR NG UOVE 20 ] 15 ! 22.0% 13 23.0% 18
TURKEY VUL TURE 1.0* { 8.0 0
RED-TAILED MAwK 3 0
BARRED ML 14 4
GREAT HORNED QWL 14 4
YELLOW BILLED CuCxD0 14 [ 15 l [ 0 13 10
OQMNY WOODPECKER 13 9 8 (1]
RED-HEADED WOODPECXER 13 0 15 10
FLICKER 11 M 13 9 [ 0
COMMON N]GHTHANK 10* 3 9 b il 14 12 [
SCISSOR-TAIL FLYCATCHER 134 [}
EASTERAN KiNGBIRD 27 [ 23 4 20 § 13 ]
WESTERN KINGBIRD 13 0 25 0
GREAT CRESTED FLYLATCHER 23 0 19 10
EASTERN W00D PENEE 17 7 s 9 . .
BLUEJAY 27 18 14 8 ] 0 ) 0
COMmON CROW 19 )] 7 {
BROWN-KEADED COWBIRD 28 ¢ 27 1 3 30 32 14
RED-WING BLACKBIRD 19 8 20 4 13 7 33 24
WESTERN MEADCN LARK 16 3 14 2 2 19 4 3
ORCHARD ORIOLE 29 29
NORTHERN ORIDLE u S e 19 10 [ 13 0
BRACKLE i3 0 19~ 7
BOLDF INCH 28 9 A 58 s ] 17 9
GRASSKOPPER SPARROM 12* 3 I | 14 7 30 2
CHIPPING SPARAON 25 p]
FIELD SPARROM 20 3 12 3 ] 0
CARDINAL 15 8 1 7 18 9
ROSE -BREASTED BROSBEAK 22 19 18 3 27 20
[MDI60 BUNT (NG {7 9 19 8 {1 ]
DICKCISSEL 37 28 75+ 23 97 13 10 42
BARN SWALLOY 13 0 23 0 [y 0 19~ 8
TREE SWALLOW 2 7 il 4 194 8 4 9
ROUGH-#ING SHMALLOY 15 9 20 9
LUGBERHEAD SHRIXE 7 3 7 3
WARBL ING VIRED 11 3 8 0 13 0 17 12
YELLOW WARBLER 2 0 ] 0
COMMON YELLOWTHROAT 14 14 29 17 18 13 16 L}
CATBIRD 14 2 17 7 9 3
BROWN THRASHER & 7 M| 18 13 3 20 20
HOUSE WREN St 17 23 9 i L]
BLACK-CAPPED CHICKADEE 1§ A ] 0
ROBIN 13 0 13 ] 13 (1}
EASTERN BLUEBIRD 25 0
CHIRNEY SH{FT ‘ rh] 0
TOTAL SPECIES 30.9 I Jo0.8 2.2 2,0 . 1.3 18.0 1.7
VISITING SPECIES® 4.8 {.0 3.8 1.3 A 1.3 5.3 0.4
BREEDING SPECIES 26.0 2.4 5.0 2.4 18.3 1.7 12.8 2.5
36
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Small Mammal Studies

The prairie deer mouse (Peromyscus maniculatus pairdii) was the most abundant
prairie small mammal, accounting for more than 82 and 33 percent of the captures in the
prairie control and test areas, respectively (Table 12). Except for two Blarina in the
prairie test site, and one least shrew (Cryptotis) in the prairie control, all other captures
in these areas were similar, both in composition and number. Although density of some
mammal species was higher in the prairie test area, the total captures (51 and 33,
respectively, in the control and test) suggested slightly elevated populations in the

control.

The white-footed mouse (Peromyscus leucopus) dominated the riparian test and
control areas and accounted for well over 50 percent of the captures. The total numbers
and richness of captured small mammals were virtually identical (30 and 98 individuals in
the control and test, respectively). Slightly fewer prairie voles (Microtus) and no
Peromlscus maniculatus were captured .n the riparian study areas, but the meadow
jumping mouse Aapus was captured only in the riparian sites. The prairie areas were also
very similar; however, trap successes of 3.4 to 5.3 percent in the prairies compared to
9.4 to 10.2 percent in the riparian areas may suggest fundamental cifferences between
small mammal populations in prairie and riparian vegetation types.

Table 12

Smali Mammal Trapping Data and Analysis Based on Four Trap Days
(60 traps [960 trapdays] in each study area, 13-26 June 1984).

STUDY AREAY

PRATRIE PRAIRIE RIPARIAN RIPARIAN

SPECIES CONTROL ' TEST CONTROL TEST

Blarina drevicada 0 2 ] 9
Cryptotis parva 1 ] 2 0
Mircotus achrogaster 3 9 3 3
Peroayscus eucopus 2 8 80 79
Peroayscus saniculatus 42 13 0 0
Reithrodontosys sp. 3 ] 2 3
lapus hudsonius 0 0 1 2
T07ALS 51 33 90 98
TRAP SUCCESS 5.3 3.4 10.2 9.4
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Discussion

Riparian forest habitats generally support higher bird and small-mammal popula-
tions than adjacent nonriparian habitats. Riparian systems in the western and
southwestern United States have the highest-density bird populations of all North
America forests of equivalent area.'® Compared to the adjacent grasslands, avian
density in the riparian study areas was high. This may suggest similar general
conclusions regarding the importance of Fort Riley's riparian areas for maintaining local
and perhaps regional avian diversity. Consequently, the manipulation or loss of riparian
habitat may extend several hundred meters beyond the edge of the streamside
vegetation. In the desert southwest, it is questionable whether riparian areas are a
renewable resource that can sustain damage and exploitation.'

The riparian habitats in and adiacent to the MPRC are successional communities
resulting from farming and logging during the late 1800s to the 1940s. No baseline data
were available on the riparian system's condition during presettlement times. Most of
the tree species occurring in these areas reproduce vegetatively, and are not eliminated
completely by logging {for example, processes such as stump suckering occur). Thus, the
existing riparian habitat plant species mix is similar to that of the presettlement
condition.  Structural asperts of the habitat have likely been modified and have
undoubtedly influenced the avifauna. 7This is especially true if correlations between
avian communities and habitat structure found elsewhere apply at the study areas.'®
The avian communities at Fort Riley are probably similar to presettlement communities,
since the historic riparian habitat was also perturbed by disturbances that created edge
habitat between riparian and prairie. Fire, winter exposure, drought, insect
infestations,windthrow of trees, ice storms, and other perturbations enriched edge
habitats. Most birds in the present riparian systems either breed or feed in edges. Thus,
disrup* »n of edge habitat can greatly reduce avian and othcr populations. If edges are
left 1.tat, and the riparian core modified, there will be fewer changes in avian
communities; if riparian systems are left intact and the edges modified, greater changes

may be expected.

Riparian systems are not only important breeding and water areas for birds and
mammals, but also serve as migratory habitat. They often contain 10 times as many
migratory animals as nonriparian habitats.!” Complete destruction of riparian area in
the MPRC would greatly modify avian communities. Sustained heavy use of these areas
might cause less, but still substantial declines, because many of the vocally reliant
breeding and avian courtship behaviors may not succeed abave military noise. Construc-
tion and use of the MPRC may cause loss of birds in the prairie areas because the
predominant vegetation (perennial prairie grass and forb) will change to plant forms
dominated by weed species, possibly with areas of bare soil, ur the site may become
dominated by monocultures of nonnative vegetation.

Construction and use of the MPRC area are likely to cause vegeiation shifts. If
riparian vegetation is bulldozed, some riparian species niay be eliminated locally in the

‘“J. R. Lacey, P. R. Ogden, and K. E. Foster, Southern Arizona Riparian Habitat: Spatial
Distribution and Analysis (University of Arizona, Tuecson, 1975).

'5J. R, Lacey, P. R. Ogden, and K. E. Foster.
*J. R. Karr; M. F. Wilson, "Avian Community Organization and Habitat Structure,"

Ecology, Vol 585 (1974) pp 1017-1029; R. H. MacArthur, "Environmental Factors
Affecting Bird Species Diversity, "Amer. Nat., Vol 98 (1964), pp 387-398
!7Lacey, Ogden, and Foster.
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short term. The duration of this impact is determined by the time necessary for natural
dispersal mechanisms to bring seeds in and for the plants to become established. Some
species. including ragweed, sunflowers, poison ivy, elders, and coralberry, may flourish
with construction and MPRC use. Thirty to 50 years may be required to reestablish
larger woody vegetation with forest structural aspects that are attractive to wildlife. If
soils are disrupted significantly or lost during construction or use, this amount of time
may be prolonged. If the riparian core is left intact and edge habitat is lost, restoration
of edge habitat would be greatly accelerated by the adjacent intact riparian core, which
can serve as a source of plant propagules.

Species whose habitats are disturbed by construetion of the MPRC will likely cause
the immediate replacement of existing prairie plants. Many prairie plant species that
have reestablished over the years in the fallowed MPRC lands would be reduced or
eliminated. Their reinvasion and establishment in the MPRC may be slower than during
the reinvasion after farming, especially if soils are significantly modified. The seed
source for prairie plants that could potentially reinvade may become more removed from
the MPRC due to increased destruction of vegetation and soils by tracked vehicle use on
adjacent lands. Plant succession could be initiated after construction of the MPRC.
Loss of soil, intact vegetation, and soil-seed banks (seeds preserved in the soils that
resprout with disturbances) could cause poor regrowth of native prairie plants and could
reduce the importance of the prairie community. Weedy plant species that respond
quickly to disturbance will replace the prairie plants. CTeveral plants that are already
present and are likely to invade and increase in the MPRC land are --onsidered noxious
species, and their increased importance would be undesirable. These include thistles,
bindweed, and poison ivy. If soil disturbances are severe, even establishment of
disturbed-site plant species may be slowed.

A shift toward weedy plant species may shift mammals toward greater dominance
by deermice (Peromyscus spp.), with reductions in shrews, voles, moles, and perhaps
other species. Mammal populations at Fort Riley have been found to be higher than
those on adjacent lands.-* This is thought to result from the patchy vegetation mosaic
present, including intact, undisturbed native prairies and successional farmlands. If
native prairie grasses and riparian vegetation reestablish after construction, small-
mammal populations may return to existing levels or at least to naturally fluctuating
populations. However, with construction and persistent use of the MPRC, small-mammal
populations may decline (as much as 20 percent has been measured) and may shift in
species composition and diversity.

With increased weediness of the existing prairies, avian communities may also
decline, and some prairie bird species may leave the area. However, a lush regrowth by
invading weed species might favor quail, pheasants, prairie chickens, doves, grackles, and
red-winged blackbirds. Avian visits may increase with increased weediness. If disturbed
prairies are gradually replaced by prairie grasses, a shift toward upland plovers,
grassnopper sparrows, dickeissels, and meadowlarks is likely. These species would be
especialiy attracted and invasive when the insects they feed on return or are accessible.
Meadowlarks and plovers ea! mostly beetles, while dickeissels and grasshopper sparrows
use lepidoptera and orthoptera insects and prairie grass seeds for food.'’ lHowever,
persistent military use could substantially reduce prairie bird populations.

“Five Year Wildlife Management Plan.
P, G. Risser, E. C. Birney, H. D. Blocker, S. W. May, W. J. Parton, and J A. Wiens, The
True Prairie Fcosystem (Academic Press, 1981).
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The data of this study concur with those of a study by Johnston on the relative
numbers of birds using riparian and prairie habitats in Kansas.”° Johnston found that 23
bird species, or 13 percent of the 176 species in the state, used only the prairies. Risser,
et. al.,*! found that 13 to 15 bird species used the prairies. The data for the current
study also concurred with Risser on bird species that are important in prairies. Prairie
bird species make up about 5 percent of all North American bird species. In Kansas,
about 58 percent of all birds are woodland species; some were at their range limits in the
Fort Riley study region. This included the scissor-tailed flycatcher at the northern edge
of its range, the black-capped chickadee at its southern limit, and several species at
their western range limits in Kansas riparian systems. Included w- re the orchard oriole,
yellow-billed cuckoo, and chipping sparrow. - Numerous active nests (containing eggs)
found during this project suggested the study period was good for analyzing avian
communities; this was supported by Johnston as being the perica when most birds breed

during an average year.

Some mammal species were also close to their range limits in the study region. For
example, the meadow jumping mouse (Zapus hudsonius) is limited to wooded portions of
Kansas because of affinities with the deciduous forests. No captured mammal species
was inqi?enous only to grasslands. In general, mammal community composition was
typical“’ for this area of Kansas. The region is located in or near the edge of several
biotic provinces. No endemic mammals were collected (or occur); however, 27 to 43
mammal species are found in this region, depending on the relative importance of

deciduous forest and prairie in an area.

Ecological Implications

Woody plants may actually increase in some areas because cf tracked vehicle
damage to prairie sod.”” Establishment of woody vegetation in the prairie could increase
the effective habitat edge. However, since soils in the study area are very susceptible to
compaction, the potential for establishing wood vegetation in tracked vehicle ruts may
be reduced. The tracked vehicle use per acre is already hig‘h."S With cevelopment of the
MPRC, it would be expected to increase substantially and become intensely localized.
The road improvements that accompany MPRC development might also increase use
because they would provide better access to the MPRC area.

Historic grazing and farming of the property has likely been responsible for
reducing prairie forbs and grasses. Many plant species known to increase with grazing

‘OR.F Johnson, The Breeding Rirds of Kansas, Vol 12, No. 14 (University of Kansas,
Museum of Natural History, 1964), pp 575-633.
<" Risser, et al.

<“D. W. Johnson and E. P. Odum.
“YE. L. Cockrum, Mammals of Kansas, Vol 7. No. 1| (Univeristy of kansas Publications,

Museum of National History, 1952), pp 1-303.

“*T. B. Bragg and L. C. Hulbert, "Woody Plant Invasion of Unhirned Kansas Bluestem
Prairie", Jo Range Management, Vol 29, No. 1 (1977), pp 13-24.

“SW. D. Goran, L. L. Radke, and W. D. Severinghaus, An Overview of the Ecoloyical
Effects of Tracked Vehicles on Major U.S. Army Installations, Technical Report
N-142/ADA126694 (U.S. Army Construction Engineering Resecarch Laboratory [USA-

CER.L], 1983).

40




and agmcultural disturbances were found to be widespread and relatively abundant (Table
9) in the prairie study areas.”® This suggests either that farming and grazing were
widespread, or that farming followed by military activities had an effect on plant species
composition that was similac to the effect of grazing and agriculture in other areas.
Most land in the MPRC has been subjected to recurring disturbances by tracked
vehicles. Only a small part of the area has been exposed to constant, intense, or
frequent repeated tracked vehicle use. Single drive-through events by tracked vehicles
were frequent around the prcposed MPRC property and in parts of the control study
areas.

Although not exhaustive, the following lists several tracked vehicle impacts that
were observed and some that are likely to occur in the MPRC area.

1. Tracked vehicle impacts can cause or initiate soil compaction, reduce soil
permeability, and increase erosion potential.

2. Shearing of soils with exposed cuts can increase soil erosion potential. The

Le

reduced albedo of exposed soils can raise soil temperatures, which can reduce successful
establishment and survival of vegetation.

3. Soil ruts ecan occur and can concentrate runoff and lead to gullying.

4. Vehicle tracks can initiate stream bank erosion by destroying bank vegetation or
by modifying in-stream flow patterns and rates.

5. Dust generation can reduce vegetation production and eliminate intolerant
plants.

6. Direct elimination of vegetation by shearing and scraping can select for plant
species that can survive these disturbances.

7. Damage or removal of tree canopies can eliminate subvegetation that requires
shade.

8. Damage to tree roots and branches can allow infections to enter plants.

9. Reduction of woody vegetation cover, forest structure, and complexity of
ground cover vegetation can modify avian and smatl-mammal populations.

Generally, construction activities can be expected to have similar impaets,
‘neluding:

1. Complete removal of topsoil (which contains soil-seed banks) and destruction of
wildlife habitat are often likely in the short term.

2. Widespread soil compaction, disruption *o soil structure, and loss of all
vegetation may occur.

Many other impacts are associated with tracked vehicle use and construction
activities. Critical considerations in designing tracked vehicle use areas (e. g., locating
trails along land contours and considering seasonality and frequency of training area use)

<" Risser, et al.
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are important. Properly designed training ground accesses and stream and slope
crossings can minimize tracked vehicle impacts. However, a tracked-vehicle training
program must also have feedback mechanisms for informing land managers about how
effective their management strategies are. Monitoring the impacts and effectiveness of
mitigation ana reclamation is required; however, it can also serve as an importunt

feedback mechanism.

Reclamation, Ecological Monitoring, and Management

An ecological monitoring program would greatly facilitate use of the MPRC for
sustained, long-term training activities. The period of time over which the MPRC can be
used for effective training will be governed partly by the management strategy for the
land, which is closely linked to reclamation and site stabilization, and ultimately to a
strong moenitoring or feedback program. After a construction zone is reclaimed by
introducing vegetation cover and modified surface hydrologic strategies, it is also
important to maintain a relevant, effective system. This depends on having a good

monitoring program.

Reclamation becomes increasingly difficult with the increase of slope, substrate
erodibility, toxicity/soil nutrient relationships, and frequency and persistence of success-
reducing agents. It is difficult to reclaim a heavily used tracked-vehicle training area.
Rotation of training activities away from reclaimed belts or, at least minimizing the use
of selected areas, such as buffers or vegetation plantings, would be desirable; however,
this may not be compatible with intended military land uses.

Reclamation strategies must consider the varying intensity of military training
activities. A variety of plant species with different tolerances to training activities
should be used. For example, use of tolerant buffalo grass (Buchloe dactyloides) or blue
grama (Bouteloua g-acilis) is recommended over introduced species (e.g., Festuca elatior,
Bromus inermis, et:.) or even some native, soil-compaction-intolerant species, like big
and little bluestem grasses (Andropogon gerardii and A. scoparius). Native, locally
adapted genetic stock should be used for reclamation. Fort Riley is ideally located for
collecting locally grown seed for reclamation.

Localized High-Risk Erosional Areas

Localized high-risk erosional areas occur along road corridors, in construction
corridors, along tank trails, in association with targets, and in slope and stream crossings
and other areas receiving persistent heavy tracked-vehicle traffic. Reclamation of these
areas should try to control surface water flow and minimize erosion. Establishment of
vegetation cover could be the cheapest long-term solution; however, this may not be
possible in the most heavily impacted areas. An alternative would be to establish
biological sediment traps that use plants to filter and catch eroded materials®’ before
they enter Madison Creek or its tributaries. These catchment basins and filtration
systems should be planted with wetland plant species, including cattails (Typha spp.),
reeds (Scirpus spp.) rushes (Cyperus spp.), sedges (Carex spp.), and rooted submerged
aquatic plant species (Potamogeton spp., Elodea spp., Certophyllum sp., ete.). Collected
sediments could be removed from primary catchment areas and placed in upland areas

¢7Environmental [mpact Statement: Fresh Water Wetlands for Wastewater Management,
Technical Report #904/9-83-107 (U. S. Environmental Protection Agency [USEPA],

March 1983).
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for revegetation. Minimizing of erosion in upslope areas would reduce the maintenance
demands of the sediment traps and, if entirely effective, would minimize the need to use
the traps. Contour vegetation belts and low-use areas that are removed from heavy
military activity could also be useful.

Expansive High-Risk Erosional Areas

Expansive, high-risk erosional areas include large areas from which topsoil is
removed for berm construction, where siope contouring has occurred, or where vehicles
are held temporarily., They are expansive, disturbed areas that may span several
drainage systems. It is recommended that sediment traps be used in critical areas and
that slope contour plantings be emplaced. Vegetative belts in conjunction with surface
water runoff regulators could be used to effectively minimize movement of soils from
construction areas to downstream environments such as Madison Creek and Milford
Reservoir. [t is also recommended that the belts be planted with native prairie species
and a fast-growing, soil-stabilizing cover crop. Disturbed sites would then be reestab-
lished as prairie. The cover crop (e. g., barley, oats, wheat, sweet clover) can effectively
minimize erosion, cool soils, and invite insect, avian, and small-mammal use of the
property. It ¢an also promote growth and establishment of native prairie plants. In the
autumn, local prairie hay should be cut and spread over areas to be reclaimed shortly
after winter wheat (cover crop) has been planted at high seeding rates. Germination of
the wheat and its growth through the prairie hay in both the fall and spring will help
stabilize the hay during windy periods and promote its contact with soil. If other plants
are to be introduced, they should be seeded at the same time as the winter wheat, or the
seed broadcasted after the wheat has become established. This technique, coupled with
applications of siie-specific fertilizer (based on soil sampling) will get the seed into the
soil at the best time fur establishing native grasses. It will also muleh the system with
long, fibered material at minimum cost {compared to commercially bagged wheat hull
muleh), and should result in a low-maintenance vegectation cover. Because >f the
generally positive response of prairie grasses and forbs to fire, it may be desirable to
include these 1reas in the burning program at Fort Riley. This may favor wildlife species
associated with prairie. It is important to time the haying operation so that the seed is
in the correct stage for harvest. Reducing the time that hay is held before being spread
may be desirable for maximum seed viability.
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Riparian and Edge Habitat

Traditional forestry practices--planting of trees and shrubs--might be desirable for
reclaiming habitat edges. Seedling stock can be purchased (or perhaps grown in a nursery
at the installation) and then reintroduced. Planting black walnut seed, branch cuttings of
willow and hvbrid popiar species (into muddy moist soil areas), and root cuttings from
dogwoods, elders, and wild plum could accelerate natural successional processes.

R Y e LY Nt AT LN St a . ae e M. e,
R R AT s g P AR AT A AR AR A, .'_.-\‘._. RSP AT ¥ R A
.

. - e e - - N
- o - - s " e - . . . - . . .~ " . -~ - - -
AJ’-.‘-\\k1-.'.<A‘.A"h‘-“(-"..'_-'-"'.-~-.‘...-‘..'.-.'.’-ﬂ.'-'ﬂ-a-’.!.‘-f‘-,' “




2 ESTIMATES OF TRAINING IMPACTS ON
SEDIMENT YIZSLD AT Ti'E FORT RILEY,

KS, MPRC*

Introduction

The Fort Riley MPRC trains personnel in a dynamic battle situation, and has
several advantages over static firing situations. However, there will be environmental
problems associated with this concept, since it requires continuous movement of
personrel and armor across the land. One problem is the possibility of increased soil
erosion caused by the anticipated disturbance to vegetation and soils. This chapter
assesses the potential erosion impacts of the MPRC to help land managers at Fort Riley
prevent degradation of the complex to an unusable condition.

Approach

The potential erosion problems of the MPRC were assessed using a mathematical
model to predict water and sediment yield from watersheds. The model is currently part
of the U. S. Army's Environmental Technical Information System,2® available through
USA-CERL. In general, the model simulates the movement of water and sediment from
rainfall, across the soil surface, and through channels systems. The model is based on
actual physical processes and is the best state-of-the-knowledge representation of the
important controlling phenomena responsible for erosion.

Because of budget constraints, on-ground data collection consisted of only a field
inspection and bulk soil sampling. The cther data needed to run the model were gathered
from published sources, such as maps, construction drawings, soil surveys, scientific

literature, and previous reports on the area.

The MPRC was modeled with respect to: (1) its role as an impacting agent on
watersheds draining the area and (2) a sediment source via the proposed road network.
The first part was approached in "before and after" scenarios. The ba-» rainfall event
was a 25-year-return-period, l-hour-duration storm of 3 in. total deptu distributed in
time following U. S. Bureau of Reclamation suggested fractions of 0.48, 0.71, 0.88, and
1.0 for the 15-, 30-, 45-, and €0-minute depths, respectively.

Six drainages were modeled as shown in Figure 3. All drainages except number 2 in
Figure 3 contribute to Madison Creek near the MPRC. For the model, the drainages
were broken down into 10 small watershed units, seven planar units, and eight channels
(Figure 4). Information on infiltration rates, soil particle size, vegetative cover, and
geometric characteristics was developed for all these units. Table 13 summarizes the
geometric characteristies. Soils in the MPRC are predominantly silt loams and silty clay
loams. Published infiltration characteristics from the literature were used in the
model. The hydraulic conductivity of the soil was assumed to be 0.3 in. per hour. The
bulk soil samples were sieved, resulting in a distribution that was 18 percent in the silt

*Prepared by Tim J. Ward, Associate Professor of Civil and Geological Engineering,
New Mexico State University, Las Cruces, NM.

28R, D. Webster, et al.,, Modification and Extension of the Environmental Technical
Information System (ETIS) for the Air Force, Special Report N-8/ADA079441 (USA-

CERL, 1979).
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Width
Length

1000m (3280 ft)
4500m (14,760 ft)

IR .'. -

Drain agc Boundarics

Figure 3. Drainage units.
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Figure 4. Schematic of drainage units.
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Table 13

Geometric Characteristics of Drainage Units

Unit Part* Area (acres) Flow length (feet) Slope, decimal %
WSl.l L 18.5 343 3.954 o
R 27 500 9.042
c -- 2344 @.830 i
WS1l.2 L 45.5 1835 @.039
R 19.5 443 ' 0.041
C - 1912 0.018
Pl.l 9 333 @.4d45
Pl.2 47 1748 g.031
CHl -- 1175 0.017
P1.3 51.5 . 682 8.242
CH2 -- 3289 @.006
CH3 - 216¢ g.005
vsi.l L 109 677 @8.02s5
R 1593.5 1o8¢ 0.038
C -— 6428 g.a16
WS2,2 L 123.5 8149 @.230
] 66 433 0.929
c - 6620 @.016
wS 3 L 42.5 528 0.028
R 33 410 0.038
c - 35¢0 0.023
CH4 - 3800 @.6a83
wS4.1 L 16.5 378 d.0825
R 23.5 540 g.927
Z -- 1896 0.922
wS54.2 L 19 657 2.032
R 7 242 2.226
c -- 1258 g.229
Pd.1 64 934 6.032
P4.2 8% 1244 g.032
CHS - 2970 9.816
CH®6 -- 5040 @.04d2
WS5.1 L 209 364 0.02¢
R 38.5 740 @.032
c - 2396 g.921
wS5.2 L 26 650 A.0839
R 9.5 238 g.632
o - 1738 @.223
P5.1 125.5 1211 0.934
P3.2 $2.5 603 2.9034@
CH?7 - 4516 g.010@
WS6 L 33 388 3.937
R 65,5 76¢ @.935
C - 3700 3.923
CH3 - 720 2.0@3

* [, - left side when looking downstream.
R - Right side when looking downstream.
C - Channel common to both sides.
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and clay range and 15 percent in the gravel range. These values seem to be a bit higher
than the published values, but were used in lieu of better data. Ground cover was
estimated to vary between 80 and 100 percent, but the more conservative 80 percent was

used for the modeling.

Results

Four scenarios were simulated. The key variables changed were the hydraulic
conductivity and the ground cover. Scenario 1 was base conditions. Scenario 2 was a 75
percent reduction in the hydraulic conduetivity and a reduction to 30 percent of the
ground cover. Secenario 3 was a reduction of the ground cover to 10 percent, and scenario
4 was a mixed scenario, in which the variables were modified according to how much of
the drainage unit was in the MPRC. As expected, the worst scenario was number 3.
Here, onslope sediment yields increased by factors exceeding 100 on some planes, and the
overall sediment yield at the mouth of channel 8 increased by a factor of 5.0. Scenario 4
produced a 3.5 increase, and scenario 2 produced a 2.1 increase.

Road sediment yield was analyzed using slopes of 2 and 6 percent and lengths of
100 and 500 ft. The yield per unit area was much greater for the roads than for the
baseline offroad areas, but as the scenarios tended toward decreased stability, the

offroad areas often exceeded the lower-slope road values.

Coneclusion

Given the physical environment and potential impacts to the soil and vegetation in
the area, it appears that the MPRC would increase sediment yields by a factor of 2 to 5
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3 ENVIRONMENTAL IMPACTS, MAINTENANCE, AND MANAGEMENT
PERSPECTIVES AND OPTIONS FOR THE FORT RILEY MPRC*

Introduction

In August 1984, USA-CERL hosted a 2-day workshop to review technical informa-
tion and discuss environmental impacts and management options for the larnd in and
around the new Fort Riley MPRC. This chapter summarizes the finding of the
workshop. Details of the technical presentations are reported elsewhere. -4

The immediate goal of the workshop was to present a forum for discussing
environmental and operational concerns related to MPRC construction, use, main-
tenance, management, monitoring, and conceptual design. Discussions focused on the
land needed for training activities, the types of training activities proposed, and the
weapon systems to be used at the MPRC. The ultimate goal of the workshop was 'to
prepare a guidance document and a training program for managing and designing MPRC
areas for use by other posts installing this type of range. The product would help post
engineers develop "scopes of work" for MPRC design, development, and maintenance
contracts and for scientific investigations. Discussion focused on the land needed for
training activities, the types of training activities proposed, and the weapon systems to
be used at the MPRC.

The Fort Riley MPRC

The MPRC, which encompasses 4500 by 1000 m, consists of a block of land with y
three nonlinear lanes that enter the complex or one end and move roughly two-thirds of
the total length of the range to turnaround locations. Tanks will exit at the same place
they enter the range. Training will be geared toward various types of weapons and their
uses, including infantry. More than one lane will be used concurrently, and day and night
training activities will receive nearly equal priority. The expected annual training period
is 320 days, with 45 days allotted for maintenance.

Firing lanes will be guided by billboard-sized panels that direct shcoters to aim
within the margins of the safety fan. The firing lanes and perhaps some critical
roadways within the range will be illuminated for night maneuvers. The size of the
safety fan will change with the type of weapons being used. Because of the longer axis
of the new range and the additional margin of safety needed for many of the new
weapons, the fan will be larger than normal. Although training and land managemnent of
much of the fan will be possible when coordinated with activities on the range, the off-
limits area in the new fan will be larger than for the previous range.

Vehicle travel within the MPRC is to occur only on established roadways. Cross-
~rountry and road travel will occur on peripheral acreage and on the approach to the

complex.

*Prepared by Steven [ Apfelbaum, Karin A. Heiman, Chuck Sams, and Neil Thomas,
Applied Ecolngical Services, Juda, Wl

‘Environmental Impact Statement: Fresh Woter Wetlands for Wastewater Management;
J. A. Bare.
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Construction of the complex involves moving massive quantities of earth over
about 75 percent of the MPRC. Two-thirds of the construction project involves moving
earth, emplacing berm systems, and developing the target sites and associated apprecach
lanes. Construction of the MPRC had begun at the time of the workshop and the
construction itinerary, design plan, and revegetation plans were discussed briefly.

Summary of Technical Presentations

Technical information was presented that described the current condition of select
physical and ecological attributes of the MPRC and adjacent areas. Surface hydrological
studies and modeling established existing soil loss rates by erosion; they also facilitated
prediction of potential losses under dxfferent land management strategies as they affect
the key determinants of erosion control.’® A major conclusion was that soil erosion will
increase two to five times during construction. However, additional studies will be
necessary after construction, final landscaping, and road layout have been completed.
Soil losses were directly related to potential degredation of water quality in streams
originating or passing rear the MPRC. The vulnerabilty of the soil types in the MPRC
was discussed. Subsequent presentations detailed the existing ecological condition in
areas to be disturbed by MPRC construction and use and in adjacent areas that would
remain unmodified. The study team characterized the present condition of vegetation,
birds, and small mammals, and discussed potential impacts of the MPRC. The team has
installed a permanent ecological monitoring system that can reliably assess the impacts

of MPRC construction and use.

Summary of Discussions

Discussions that followed the technical presentations were of four general topies:
(1) impacts of MPRC construction and use, (2) land management design, maintenance
needs, and suggested ritigations, (3) environmental monitoring and additional research
needed to determine impacts and guide mainterance, and (4) design and construction
recommendations. The following sections summarize the discussions of each topie. The
numerous questions on specific concerns that were raised during the workshop have been

summarized as further research needs.

Impacts of MPRC Censtruction and Use

Significant environmental impacts are associated with MPRC construction, use, and
maintenance., Use includes vehicular use of the roads or off-road travel, weaponry use,
and impacts within watersheds that are used.

1. Construction-Related Impacts--Ecological:
a. Construction activities will virtually denude about 75 percent of the MPRC.

b. Depauperization of the existing flora is expected; this may result in the
local short-term and possibly long-term loss of many prairie species in areas within and

adjacent to the MPRC.

3%Environmental Impact Statement: Fresh Water Wetlands for Wastewater Management.

.

- ey

50 .

O

e "

AT .‘,J'-"_f i f‘-’ o, -“.'.-'.v'-“¢ - -_v‘-:,-_-. '.'.."..'.'q".‘-"-_‘-o.‘1_'_\"-""n.‘_<_"—"l_“‘. ‘“-. ',-l‘-."[‘_f‘ L \ o -(.‘-’
RN I S ) el Y

A A IR ,».r o At J\'J’) AR A Y G SRS Py x...f..r.u o f 4‘&"\1\“.‘\\‘?.



aa e

c. Vegetation and plant species favored by disturbed soil conditions will
become more abundart with construction and use of the MPRC.

d. Amounts of undesirable noxious weed species, such as thistles (Cirsium
canadensis, Carduus nutans), will increase following construction activities.

e. Structural aspects of wildlife habitat will be reduced by construction
activities that directly or indirectly impinge on riparian and edge habitats with trees and
shrubs (e. g., along Madison Creek).

f. Reductions of breeding and visiting birds and perhaps migratory species are
likely with loss or modification of riparian and edge habitats.

g. Construction activities will alter prairie bird species richness and popula-
tions. Several species are likely to decline for at least the first few years after
construction. These include upland plover, dickeissels, and grasshopper sparrows.

h. Small-mammal populations may decrease and become :ess diverse, and
species may shift in relative abundance.

2. Construction-Related Impacts-~-Soils and Hydrology:

a. Loss of topsoil, labile soil nutrients, modified soils moistures, inversion of
horizons, and increased compaction of surface and subsoils will occur to various degrees,
depending on soil type, slope, aspect, and erodibility, and may be more pronounced and
significant a problem if soils are exposed for longer periods of time during and after

construction.

b. Increased soil compaction is expected, which will probably decrease
infiltration and increase overland runoff and erosional soil loss.

¢ Depending on existing topography and watershed layout, erosional soil losses
are expected to increase two to five times.

d. In some watersheds, peak surface water flow rates are expected to nearly
double. Peak discharge will occur sooner after a storm event.

e. Stream channel degradation and configurational changes are expected to
result from sedimentation and changes in surface water movement into and through the
water courses. This is expected to destabilize existing channels.

f. Roads within the proposed MPRC generally cut across slope contours, and
this layout will both increase erosional problems and destabilize roadways.

g. Berm design and placement will modify drainage patterns and may cause
erosion problems of unknown proportion.

J. Use-Related Impacts--Ecnlogical:

a. Continuous disturbance of soils will select for weedy plant species, which
can obscure targets and promote increased wildfire frequency and severity. Undesirable
noxious weed species are expected to increase in the MPRC, adjacent areas, and the
safety fan, especially if maintenance of safety fan land is preempted by "off-limits"
status.
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b. Degradation and continuous denudation of target areas and locations
subjected to frequent drive-throughs are expected to increase the erosion potential and

destabilize the areas.

¢. Dust generated by vehicle traffic is expected to reduce or eliminate
roadside vegetatiocn cover, which could make roadways and adjacent ditch systems
vulnerable to erosion. The annual plant species that would be favored by dusting provide

little or no soil stabilization benefits.

d. The large amounts of fuel fumes associated with heavily used corridors in
the MPRC would reduce or eliminate vegetation for several meters on both sides of the

rorJwavs and wnuld destabilize roadways and associated drainage structures. Runoff
from deposits of these materials may contribute significant pollutant loads to aquatic

systems, including Milford Reservoir.

e. Muzzle blast zones associated with the firing of some weapons is expected
to eliminate vegetation 10 to 15 m on both sides of the weapon, and for an equal or

longer distance in the line of fire.

f. Expiosion byproducts and discarded ammunition materials will be deposited
in and around the MPRC. Some byproducts, such as phosphorus and nitrate-based
materials, may stimulate plant growth, and may undesirably enrich local and perhaps
regional aquatic systems. Heavy metal contamination may occur in local plant and
animal populations, and some of these materials may be transported by runoff into

aquatic systems.

g. Use of flame-throwers and phosphorus-based ammunitions will likely reduce
woody vegetation by increasing wildfire frequency. This would favor fire-tolerant
species, including some of the prairie perennial plants and a variety of annual weed
species. Disruption and destabilization of soil humus and increased loss of nutrients are

expected with increased burning frequency or burn severity.

h. Military debris (ammunition shells, etc.) will make it difficult to mow areas
with undesirable weed species, and may make hay leasing of land less attractive. An
increase of noxious weed species and plants (e. g., most annuals) that are undesirable for
forage would also provide a less nutritious or desirable hay. An increase in the land
committed to the MPRC, the safety fan, and roadways and support lands will likely

decrease the screage available for rent.

i. Decreased revenue generated by decreased hay leases may upset the budget
of the Post Fish and Game Service and jeopordize the service they provide to Fort Riley.

j» Unless carefully directed and regulated, night training on the MPRC could
destroy roadways, culverts, drainageways, berms, targets, and support structures.

k. Frequent soil disruptions around targets are expected to produce continuing
problems w.th weedy plant species obscuring the line of sight from firing positions to

targets.

.y, e

l. New weapon systems and ammuritions are expected to be larger and more
destructive. One example is the new Vulcan system, which can dig a 6-ft-deep by 22-ft-
long hole when firing a nonexplosive projectile. The new weapons are expected tc
destabilize target locations and berms more frequently and more severely.
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m. The heavy season use of the MPRC will require a trained and dedicated
maintenance crew and schedule. A relatively short maintenance period of 45 days per
year and reavy demand for use of the MPRC may make maintenance difficult. Poor or
untimely maintena -» may accelerate degradation of MPRC and adjacent lands.

Suggestions for Land Management Design,
Maintenance Needs, and Mitigation

Impact studies suggested that construction and use of the MPRC and idjacent
property will primarily upset soils and modify vegetation cover and plant species
composition, thus increasing erosion potential. These environmental modifications would
promote or cause a variety of impacts. The following section addresses management,
maintenance, and mitigation options.

Program Development. It is clear that successful, sustained use of the MPRC and
adjacent areas will rely entirely on the efficacy, efficiency, and responsiveness of land
management and maintenance. Clearly, the magnitude of the training effort and the
potential resulting impacts will require a trained, committed maintenance crew
specifically responsible for upkeep of the MPRC and peripheral acreage. Maintenance
must be coordinated carefully with MPRC activities and will require daily communica-
tion between range operators and maintenance crews. Care must be exercised in
procuring maintenance support by outside contractors. Since there is currently no active
program for land management (i. e., revegetation) at Fert Riley, an effective program

, should be developed. This program should be coordinated by range operators, post
' engineers, and contractors, and should be funded in a manner that will ensure that the
allocated money cannot be redirected for other uses.

Erosion Control. Several erosion control measures can be implemented during
construction and use.

PR

1. Establish belts or buifers of vegetation to catech and stabilize eroded
materials. This should include maintaining at least a 100- to 200-ft.-wide buffer nf
existing vegetation along principal drainages, such as Madison Creek, within the MPRC,.

2. Maintain and design roadways, trail systems, and berm and target structures so
they do not serve as direct corridors for runoff to aquatic systems. This should include
maintenance of roadside drainageways, and may require limiting tracked-vehicle travel
on the road surfaces or in specified areas such as diteh and culvert system crossings.

«CeTEE g B ¥ e a ox os e

3. Immediately stabilize and revegetate exposed and erodible substrates during
construction and use of the MPRC. Species used should be quick, low-growing,

.

- competitive, relitively inexpensive (for seed and management), tolerant of wildfire, and
:: able to survive compaction by military vehicles. During construction, it is desirable to
. seed and stabilize soils even if they will be moved several months later. Aerial seeding
. with 60 Ib or more per acre of winter wheat or rye should stabilize all but the steepest
! siopes.  This planting could aiso serve as a nurse crop for growing other plants such as
. native prairie species. Hydroseeding revegetation techniques could be used on steeper
< slopes. Spraying 30 to 120 |b of seed per acre along with commercially available wheat
N hull mulch at a rate of 1500 to 3000 ib per acre should stabilize these areas. Costs
';f associated with revegetation usually vary from $200 to $1500 per acre, depending on the
! chosen revegetation strategy. It is cheaper and less time-consuming to revegetate than
&l to dredge or to move eroded substrates back upslope.

w
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4. Incorporate sediment trapping and biological filtration pond systems in strategic
locations to minimize entry of eroded materials into local aquatic systems. A filtration
system could also serve as a location for studying erosion severity, soil nutrient losses,
heavy metal and explosion byproducts, and other contaminants from military training
activities. Design criteria and literature re\news on filtration system efficiency and
maintenance have recently been publxshed Maintenance of the sedimentation pond
systems may include regular checks of the structural integrity of dams, removal of
obstructions from emergency spillways or overflow pipe systems, and spotchecks of
visually conspicuous problems such as massive vegetation or wildlife mortality. Ponds
that fill with sediments may require dewatering and stabilization by revegetation or
removal of sediments, with stabilization of the stockpiles. Maintenance should be
coordinated with any research projects being done in or around the sedimentation and

biological filtration systems.

5. Stabilize all roadways and ditch drainage systems. Roadways might best be
surfaced with harder rock materials (if available) than the regionally used limestone.
Areas that are difficult to revegetate should be mulched. A number of mulching
possibilities are suggested, including use of wood chips (perhaps generated by landscaping
operations on the post or in adjacent municipalities), or agricultural products such as
straw, hay, cornstalks, or native prairie grass hay mowed from the post. Mulches will
help stabilize soils and make the range more attractive. Hay mulches can be applied
efficiently and quickly with commercially available spraying units. They may also help
reduce roadway erosion and dust generation. Mowed hay (especially when its content is
too high in undesirable plants) could be used for erosion control.

6. Suppress all wildfires on the MPRC during the fal} to preserve a winter and
spring vegetative ccver and stabilize soils against erosion. Suppression will require
developing a plan, strategically locating firebreaks, and putting together a trained crew

with proper equipment.

7. Maintain all stream crossings to minimize channel and stream bank degrada-
tion. Minimize the number of crossings and stabilize banks and channels with vegetation,

mulches, gravel or riprap if necessary.

Vegetation Islands. Maintain "islands" of vegetation to preserve local native plant
species that could invade adjoining disturbed lands. Islands used for concealment during
military training activities could also be designed to guide or break wildfire, and might

attract and support wildlife species.

Habitat Reclamation. Habitat reclamation with native plant species or preserva-
tion of existing vegetation and topographic features could reduce vegetation and wildlife
impacts associated with construction and use of the MPRC.

Noxious Weeds. Undesirable noxious weed species may be controlled in several

ways.

1. In target locations where targets can be obscured, low-growing, aggressive, and
persistent species that respond favorably to frequent disturbances should be planted.
These species may be useful in any location where "line of sight” is obscured (e. g., from
shooting stations to targets) by taller plants, such as the common weedy species that

increase with scil disturbance.

31T, B. Bragg and L. C. Hulbert.
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2. Mowing of areas having noxious weeds or plants that obscure vision may be
feasible in areas without large quantities of military debris (ammunition brass, ete.) that
would harm mowing units. Mowing in mid-June and again in late July to mid-August
would reduce visibility problems, seed production of undesirable species, fall wildtires,
and soil erosion. Military tracked vehicles could be used for mowing. Alternatives to
mowing include pulling vegetation crushers and choppers over the land using tined
harrows or roller chopper units, or flattening or uprooting vegetation by dragging
weighted chairlink fences over it. Experimentation will be needed to determine what
works.

3. Herbieides can be used to control undesirable species; however, chemicals and
application methods should be chosen carefully to prevent buildup of persistent chemicals
in soils {which could keep desirable plants from becoming established) and to avoid
hazards to health and the environment. A preliminary recommendation made at the
workshop is the herbicide ROUNDUP (RODEO) applied by spot application with a direct
contact wick applicator svstem. Broadeast spraying and using more than recommended
herbicide volumes or concenirations are undesirable. Herbicides should be applied
several weeks before undesirable plants become tall enough to cause line-of-vision
problems or several weeks before they produce seeds. Although application times must
be adjusted seasonally, early to mid-June may be most appropriate. An advantage of the
wick application method is that it is subjects only the tallest weeds directly to herbicide,
while leaving the lower-growing plants beneath untreated. This may be an effective way
to favor lcwer-growing desirable species during the time it takes to eliminate undesirable
plants. In some areas use of herbicides has actually eliminated desirable plants and
selected for weed species; thus, the effectiveness of a herbicide program should be
inonitored closely.

4. Wildfire (or control of inadvertent fires produced by military training activities)
could be used to controi undesirable plants. Fires administered in late spring could
destroy undesirable plant seeds and seedlings, and seleet for fire-tolerant native
species. Carefully designed firebreaks and guidance systems could be used to guide fire
into desirable locations and to control fire at undesirable times of the year. Burnings of
the entire box area (4 x 6 km) each spring could minimize dangers of uncontrollable
wildfires. After the fires, removal of nonburnable debris will greatly facilitate mowing.

5. Development of integrated mowing and mulching and herbicide and burning
programs will best ensure control of undesirable plant species.

Snow and lee. Winter snow and ice management of the MPRC may be necessary.
Targets may have to be deiced so that they stay or return to upright positions. Drifting
snow may have to be plowed to allow sightings between shooting positions and targets;
snow may also affect a training program's efficiency. Attention should be given to berm

4

L]

. placement and relief. A design that takes into account the direction of prevailing winds

: may cause drifting snow to pass over or through the MPRC. Emplacement of strategic-

¢ aav tocated snow fencing may also guide drift movements.

|

. Management of Dust. Dust generated from roadways may be especially important

i because of its destructive effects on the tracked vehicles' turbo-charged engines. Vision

! problems {rom dust are less of a problem for the newer tracked vehicles because their

b higher speeds mav allow them to outrun dust clouds. However, degradation of roadside

[ vegetation and potential vision obstruetion (and thus safety problems) require dust

! management. Various spray or tackifier substances that have been tried elsewhere have

o been found to be both expensive and a short-term solution. Oils and tar sprays are also

i effective only for short times. Alternative strategies, such as the use of mulches, which

_“ are relatively inexpensive and easy to apply, may be useful.

“ .
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Wind. The persistent windy condition of the MPRC requires regular target main-
tenance. In the past, the wind has dislodged and carried away targets. Cabling
stationary targets could keep any dislodged targets in the immediate area, thus allowing

easier maintenance.

Guides and Lighting. Firing lane billboard guides and night lighting systems will
require upkeep, replacement, etc.

Road and Trail Maintenance. Regular maintenance of roadways and trails within
the MPRC is necessary to maintain established drainage systems and ensure the
corridors' sustained use. Road and trail maintenance should focus on eliminating water
movement on the roadways. The management goal should be to maintain crowned road
surfaces and bermed road shoulders in critical locations, especially where runoff from a
road surface may initiate gullying or cause a washout on another road.

Weapon-Firing Locations. Management of weapon-firing locations on corridors
where vegetation will be or has been denuded by muzzle blast will be required. Areas
subjected to frequent flame-thrower weapon training ac:ivities will require special
management. Firebreaks around these locations may control wildfires. Noncombustible
ground cover materials, such as gravel, should be used in these areas.

Gullying.  Off-road travel corridors that begin gullying will require special
management attention. One sign of gullying is downcutting of tributary confluences with
Madison Creek. Downcutting will be followed by movement of gullies away from the
creek. Large pieces of rock and large quantities of aggregates will be neaded to control
gullying and headwall cutting of erosion gullies. A vegetation buffer strip has been
proposed along Madison Creek and other major aquatic and stream systems. If off-road
tracked-vehicle travel corridors cause runoff to move through the buffer areas,
maintenance crews should replant corridors, install diversionary berms, be prepared to
apply mulches, and be able to restrict travel through the corridor. Vulnerable areas,
which will become obvious to maintenance crews, should be managed carefully; some
mechanism for restricting vehicle travel in these areas should be established.

Erosion Problems. Maintenance crews should wateh for serious erosion problems
that threaten continued use of targets and roadways. Maintenance of problem areas may
require seasonal deferral of military training activities in order to rebuild, reconstruct,
or stabilize these areas. If erosion becomes a persistent problem, rotation of use and

regular maintenance may be necessary.

Stream Channels. Construction of the MPRC will involve modifying stream and
drainage systems. Maintenance of stream channels will be necessary to stabilize new and
modified natural channels.

Temporary Training Range Maintenance. During construction of the MPRC, the
temporary training range (Range 18 Charlie) will receive unprecedented environmentally
destructive use. Therefore, a maintenance and management program to help stabilize

the substrates should be established.

Shelling Areas. Maintenance crews should reestablish and recontour earth berms
associated with targets and areas subjected to shelling. Weekly mulching programs may
provide the most effective stabilization.
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Environmental Monitoring and Research

Environmental monitoring has aiready begun at the Fort Riley MPRC. These
monitoring projects have established a databace on the characteristics of several
environmental parameters, Followup studies in the same locations using the same
methods will help determine environmental trends caused by natural processes and by
MPRC construction and use. Monitoring can also pinpoint where specific management
and maintenance strategies are needed. Monitoring, experimentation, and research can
also show what management strategies work best for specific circumstances. Having this
information wiil save time and money. The following list provides suggested monitoring
subjects and strategies.

1. Changes in existing environmental conditions resulting from MPRC
construction and use, and from natural processes, should be monitored. This should
include specific programs to monitor:

a. Vegetation, small mammals, birds, and soil conditions using the established
study sites and methods. (This will repeat the studies conducted in the summer of 1984.)

b. Erosion problems, sedimentation, gullying, and surface hydrological
parameters. Some aspects will require detailed scientific investigations, while others
can be done or initiated by range operators and military personnel.

¢. Vegetation plantings to determine erosion control success and the benefits
offered by different pianting strategies.

d. Roadway stream crossings in the MPRC and the condition of stream
channels. .

e. The status of undesirable plant species and the effectiveness of control or
eradication programs.

f. The quality and volumes of water and sediments and the condition of
aquatic systems. This should include a program to monitor for nutrient enrichment,
heavy-metal toxicity problems, and the effects of hydrocarbons, such as oil, greases, and
comi.ustion fumes, that run off the land.

g. The progress of any experimental programs, including:

(1) The effectiveness of sedimentation and biological filtration pond and
basin systems. This should include an analysis of water quality and sediment quality,
sedimentation determinations, and studies of the systems’ biological conditions.

(2) The effectiveness of mulching programs to:

(a) Control roadway dust
(b) Control undesirable plant species

(c) Stabilize target locations and other heavily disturbed areas

'(d) Control trackability problems on main roads through use of muleh
to reduce mud generated by tracked vehiele use and by precipitation.
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(3) The effectiveness of experimental planting strategies designed to:

(a) Determine the best soil-stabilizing vegetation composition and

species mixtures
(b) Determine which plants are most tolerant of soil disturbance

conditions created by military activities

(¢) Determine the most cost- and time-effecitve methods of
vegetation and soil management.

Further Research Needs

Workshop discussions identified the need for additional research in several areas:

1. After the final MPRC topography is constructed, conduct additional hydrologi-
cal and water-sediment yield modeling to pinpoint problems created by changes in
topography and drainage systems.

2. Design an experimental planting program to find out which species of plants are
best suited for the various situations created at the MPRC.

3. Design and experiment with firebreak and fire guidance strategies.

4. Test the effectiveness of varying widths and configurations of vegetation
buffers and vegetation belts along stream courses and in areas believed to be most

vulnerable to erosion.

5. Study sediment loads and water quality conditions ereated by MPRC construc-
tion and use in Madison Creek and Milford Reservoir. This should include studies of
potential heavy-metal and enrichment problems associated with byproducts of ammuni-

tion explosions.

6. Study the ecological effects of vehicle exhaust emissions and fumes on roadside
vegetation and aquatic systems.

7. Study the socioeconomics of hay-leasing programs on the post and the effects of
the MPRC and safety fan on them. This should integrate the relationship of the MPRC
with the post's Fish and Wildlife Office functions.

8. Design a study to test various weed control measures and their compatibility
with military training activities. The study should investigate various management
strategies, including mowing, herbicide use, the most advantageous administration of fire
to control plants, and the use of mulches to smother vegetation.

9. Study the environmental impacts at "Range 18 Charlie,”" the temporary range
being used during MPRC construction.

10. Study MPRC effects on the water quality, sedimentation rates, and biological
impacts of the Milford reservoir.

11. Investigate the effectiveness of sedimentation and bioclogical filtration pond and
hasin systems in minimizing sedimentation in streams, and for capture (adsorption and
bicaccumulation) of MPRC-derived pollutants (heavy metals, explosion byproducts,
etc.). This program may be able to use existing stock ponds as control sites.
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Recommendations

ations:

1. Design an erosion control and maintenance methods manual based on Fort Riley
experiences.

2. Develop an integrated maintenance/management and monitoring program for

the MPRC,

3. Develop a trained dedicated maintenance crew for the MPRC and adjacent
properties.

4, Investigate the feasibility of minimum use of restricted corridors for off-road
tracked vehicle use around the MPRC. Since degradation of land around the MPRC may
affect the complex's functions, it is advisable to implement a program restricting off-
road travel within 1 km from the MPRC perimeter. Additional acreage may be desirable
in the most vulnerable areas, such as along Madison Creek.

5. Develop a program to coordmate deferred use of critical eroded areas in and
adjacent to the MPRC.

6. Integrate an aerial photography program with the USA-CERL Geographic
Information System for monitoring and management of the MPRC and adjacent land.
Low-altitude aerial photographs in color or color infrared could be monitored throughout
the year to determine erosion problem areas, areas in aquatic systems that are receiving
siltation, vegetation establishment problems, etc.

7. Develop and implement a fire management program for the MPRC and adjacent
lands, including the entire safety fan areas.

8. Determine if it is possible to partition seasonal use of different areas of the
MPRC or the entire range to minimize environmental impacts, especially when the range
is most vulnerable to erosion. An example would be using flame-thrower weapons only

during wetter times of the year when the chances of creating undesirable wildfires are
minimum. .

9. Develop an education program and in-field program of displays to minimize
damage to the MPRC during night training activities.

10. Store topsoil that is displaced during construction and replace it in areas that
will receive minimum impact during MPRC use. Emplace less erodible subsoils in areas
that will only receive frequent soil-disrupting impacts. These heavier clay subsoils are
less subject to erosion and will remain in place.

11. Start a program to reestablish riparian and edge habitats lost to construction or
MPRC use.

12. Establish target locations away from the most sensitive and vulnerable riparian
locations and away from stream channels. Establish berms and slopes in areas that may
be destabilized by maneuvers away from principal drainages.
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13. Reconsider the proposal to use a cement pad in the MPRC lanes for tracked
vehicle turnaround locations. These pads will likely be destroyed very quickly and

greatly increase MPRC costs.
14. Stockpile rocks, gravels, and mulche: Jor MPRC maintenance.

15. Redesign roads in the MPRC so that they do not cut directly across contours
from uplands to lower areas. Consider reducing the length and straightness of steeper
roads, because these will contribute to erosion problems.

16. Where possible, investigate and mitigate any potential noise problems created
by MPRC operations.

17. To minimize washing and erosion, revegetate all ditch and roadside drainage
corridors with wetland plant species, including cattails, sedges, and other locally

available plants.
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Selected Examples of Maps Produced by GRASS

These examples are provided on a limited basis to installations that have or plan to
have MPRS. They are also provided to selected U.S. Army Corps of Engineers on other
Army agencies that are involved in design or construction of MPRS. Refer to Volume I,
pages 12-17 for dascription of the Fort Riley database.

Map 1 is an example of using the GRASS-grid system to combine maps from two
different sources. The map includes a LANDSAT image from 7/11/83 derived using the
GRASS imagery subsystem. The image simulates a color infrared photo. Next, the
digitized boundaries of the installation and the MPRC study area were overlaid on top of
the image. To enhance the visibility of water bodies, the GRASS-imagery system was
used to classify the LANDSAT image and produce a landcover map. From this, water
bodies (lakes, reservoirs, and rivers) were extracted
and overlaid on the new map. Finally, labels and lines representing installation and
county boundaries were added. The map was produced by making a copy of the screen
and sending the file to an ink-jet printer.

Map 2 is an example use of the Distance program of GRASS-grid, which creates a
new map of distance zones based on other maps. Here, the Distance program was asked
to create a new map with distance zones of 0 to 50 m and 50 to 125 m from streams.
Using the program Paint Mup, the new map was printed on the ink-jet printer at a scale
of 1:30,000 with streams (blue lines), roads (red lines), the MPRC area (black rectangle),

and a 1-km grid.

Map 3 is another example of integrating image data and hardcopy map data. Here,
a scanned aerial photo is used to produce a landcover map in the GRASS-imagery
system. Then the soils map is reclassified and masked to show erodible soils within the
MPRC training area. This is then overlaid on the landcover map, and roads are added to
show possible confliects. The screen image is then saved and printed on the ink-jet

printer.
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